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SUMMARY
Climate change is an issue that has to be addressed since human activities cause significant 
environmental effects. Energy consumption in transportation, industry, commercial and 
residential buildings and agriculture ai'e responsible for climate change and environmental 
effects. The main factor in reducing energy consumption and emissions is an appropriate 
energy policy framework that would be applied in each sector. Buildings are responsible for 
substantial energy consumption not only because several fliels are used in order to cover 
their energy requirements, but also because every building has its own various energy 
services and operations. The main focus of this research is the Greek hotel sector and its 
contribution to the county 's efforts to meet the specified energy targets. In order for the 
countiy to meet these targets, it is essential to examine the effectiveness of the existing 
energy policy framework on this sector. Thus, the main aim of this project is to evaluate the 
existing national energy measures in the Greek hotel sector, by simultaneously identifying 
further options and alternatives for policy improvements.
The methodology integrates the use of energy scenario development in the medium term and 
the owners’ views in applying the proposed energy measures to their facilities. The data 
analysis focuses on the development of three energy scenarios that describe three different 
possible environments for a selected sample of Greek hotels.
The findings of this research indicate that the existing energy measures could be very 
effective for Greek hotels, since significant reductions in final energy use could occur. Tn 
addition, the consideration of other hotels’ practices could improve the existing 
measurements and provide further insights to both policymakers and end-users.
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Chapter 1: Introduction
1.1 Introduction
Climate change is a concern that is increasingly commanding a considerable amount of 
space in public policy discussions. This is especially the case in the energy sector given the 
close association between climate change and energy consumption, and the way in which 
energy is utilized. To this end, the world and its economic systems continue to rely on fossil 
fuels such as oil, coal and gas (Omer, 2007), which are known to a have high carbon content 
in their make up. As a consequence, the energy generation process and energy consumption 
is directly linked to the release of CO2 emissions, which in turn contribute to a rise in global 
average temperatures and all associated problems including sea level rise, the melting of 
glaciers and the recurrence o f extreme weather events. Clearly, this calls for the adoption of 
a specified and effective climate strategy which would trigger changes in the way energy is 
produced and consumed (Omer, 2007).
Each country is impacted by climate change in different ways. The fuel mix is determined by 
the end-use profile. Even though national energy policies may be developed with the purpose 
of reducing energy consumption and minimizing environmental effects, many countries face 
difficulties meeting even their own proposed targets. On a global scale, the energy 
consumption in the residential sector has grown at a rate of one % per year over the last 
thirty years, while energy consumption in the commercial sector has risen by 2.4% per year 
during the same period (lEA, 2008). Almost 75% of the energy consumption in the 
commercial sector is cunently consumed in developed countries (de la Rue de Can, 2008). 
Electricity consumption is very high in the commercial buildings due to the multiple 
equipment and services included. In the European Union, 40% of the total primary energy 
consumption comes from buildings, resulting in the 25% of total CO2 emissions.
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Greece is faced with the challenge of rising energy demand and limited conventional 
resources within its borders to meet this demand, and in response the country is gradually 
introducing a range of plans and policies for demand reduction and supply enhancement. Of 
course, policy makers in Greece are faced with a complex and ever-changing picture of the 
supply and demand profile. Transportation and industry in Greece have the highest energy 
consumption with 9Mtoe and 6Mtoe respectively, followed by the commercial and 
residential buildings with 4Mtoe (lEA, 2009). The building sector has the lowest share 
compared to the other two sectors, but the energy consumption growth is much higher 
(European Commission, 2000). In addition, the long useful life of buildings and the multiple 
fuels used in this sector signify the importance of identifying the range o f opportunities to 
improve energy performance in the building sector.
The majority equipment used in Greek buildings do not have high efficient standards 
indicating the need for implementing urgent measures to increase efficiency. Thus, it is 
essential to introduce effective legislation and regulations in order to create conditions for 
demand reduction and limit the growth o f emissions from the building sector. The EU 
Directives for Energy Performance in Buildings, the Eco-design Directive and the Energy- 
efficiency Directive and the EU Action Plan for Energy Efficiency (European Commission, 
2002) are such examples that potentially lead to compliance of international agreements and 
for reducing its energy dependency (Casals, 2006). Following the EU legislation, Member- 
States were obligated to develop their own National Action Plans in order to reduce energy 
consumption through the promotion of energy efficiency and renewable energy technologies 
wherever possible. Improvements on energy efficiency standards in buildings could also 
bring social, economic and health benefits, thus reducing buildings’ energy costs. The price 
of fuels is likely to continue to increase due to the current economic situation. Within this 
regulatory and legislative framework, it is essential to understand how different sectors
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operate and how the proposed energy measures could improve buildings’ energy 
consumption across the Member States.
One o f the sectors that is important to be tackled within the Greek building stock is the 
Greek hotel sector. Hotels are a significant sub-sector of the tourism industiy in Greece, 
accounting for an enormous amount o f energy consumption of 4TWH per year (Ministry of 
Development, 2008). The energy profile o f hotels differs to that of other buildings of the 
commercial sector, since size, occupancy rates, geographical and climate conditions, age of 
the facility, the equipment used and the fuels consumed, provide a diverse picture. In fact, 
hotels are complex energy users with various types of fuels used and a range of various 
services that are offered. As argued, hotels offer multiple services with multiple types of 
fuels used in order to cover the energy requirements. They are responsible for high amounts 
of energy consumption, using 21% of the total energy consumption at the commercial sector 
and 6% of the total electricity consumed in the country.
Hotels require various types o f energy sources to operate, such as electricity, oil, liquefied 
petroleum gas (LPG) and natural gas. Electricity is the primary energy source used in hotel 
facilities across Greece and is used for air-conditioning, lighting, laundry, dryers and other 
miscellaneous equipment used in kitchen facilities (Balaras, 2006). Oil is the next most 
widely fuel used and mainly covers heating needs and hot water, while LPG is used for the 
same seiwices but in fewer hotels. Natural gas is used only in hotels located in Athens and 
Thessaloniki, where there is access to gas supplies. Given that the hotel sector’s energy 
intensive profile within the commercial and building sector, promoting energy efficiency in 
hotels and reducing energy consumption is clearly an important area where improvements 
can be achieved. Appropriate policies certainly would help to drive improvements at the 
consumer level (i.e. hotels) in improving efficiencies and explore energy production as part 
of a move towards a low carbon future.
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1.2 Research Problem
One main issue that needs to be investigated is the effectiveness of Greek Energy Policy as it 
relates to different sectors and identify wealaiesses. The 2008 Energy Action Plan (EAP) is 
the most recent policy document (Ministry of Development, 2008) and proposes measures 
that would improve energy efficiency in various sectors. However, even if the EAP is the 
most advanced one compared to the previous ones, it mainly responds to the needs o f the 
tertiary sector, residential industry and transport sector. Energy measures addressing 
specifically buildings would be more effective than measures that are general for all sectors. 
Thus, it is necessary to evaluate the effectiveness of the existing framework in each one of 
the different type of buildings, proposing adjustments and changes to each one o f them, as 
previously mentioned. If a clear and consistent energy plan for each sector is developed, then 
the energy targets for Greece could be achieved.
In the effort to try to evaluate the effectiveness of the existing Greek and EU legislation, the 
hotel sector will be the focus of this study. The hotel sector holds a prominent position 
among all buildings, not so much in terms of the number of buildings, but because of the size 
of its energy consumption compared to the rest of the building stock (Ministry of 
Development, 2005). Hence, it is essential to examine how the existing measures could be 
applied in that sector, at the same time proving insights about improvements in the existing 
energy measures. At the same time, even if the existing regulation is effective in helping to 
reduce energy consumption in hotels, it is crucial to find ways to engage the hotel owners 
and end-users to understand how it has been received and what additional amendments could 
be made to the regulatory framework in order to achieve even better outcomes. This 
indicates that the end-users need to be consulted about improvements in energy efficiency in 
their facilities, along with the appropriate information on the type of equipment they could 
use in their facilities. Thus, it is essential to collect information on several hotels around
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Greece in order to explore their energy performance, identify possible ways to apply energy 
efficiency standards and understand the position of the hoteliers ‘community’ with respect to 
the extent to which they would be willing to engage in adopting sustainable energy activities.
1.3Research Aim and Objectives
1.3.1 Research Aim
The main aim of the research is to explore the contribution of the hotel sector to the 
country’s direction towai’ds a low carbon future, and to evaluate the effectiveness of the 
existing energy policy in this sector. This research examines the contribution of the Greek 
hotel sector to climate change using a sample of Greek hotels. The effectiveness of this 
policy in the Greek hotel sector is examined, since it is a vital issue to define methods for 
evaluating the diverse energy profiles o f hotels and identifying options to reduce their final 
energy consumption.
1.3.2 Research Objectives
In order to achieve the research aim the following objectives will be undertaken:
• Examine the hotels energy profile and identify the factors that mostly influence the 
final energy consumption;
• Evaluate the effectiveness o f the existing legislative framework in the hotels in the 
medium term;
• Identify the changes that need to take place in hotels in order to improve their energy 
performance and emissions reductions, and undertake an economic assessment about 
the cost effectiveness of these alterations;
• Examine hoteliers’ attitudes in applying these measurements and alterations in their 
facilities, explore how realistic the ‘best case’ scenarios are;
•  Make policy recommendations in order to motivate hoteliers to take up low carbon 
options.
1.4 Methodology and Data collection
The research methodology includes both, qualitative and quantitative research. In order to 
analytically examine the tasks set out in the aim and objectives, it is essential to state that 
this research is analytical and descriptive rather than normative, since it analyses the energy 
profile of a selected sample of hotels. In addition, all the proposed tasks could not be 
achieved using a single methodology. A mixed methodology approach is helpful in order to 
gain from the complementarity of different approaches. In particular, the quantitative part 
includes the statistical analysis o f the data and the energy analysis. The statistical analysis 
will explore the statistical distribution of the data; information about the hotels’ energy 
profile and the factors that greatly affect more the energy performance are applied in the 
statistical software.
The energy analysis would show the long-term changes in the hotels’ energy consumption 
under a range of assumptions. The assumptions have been selected from the existing 
legislative framework, which is presented in Chapter 3 and the current trends in energy 
consumption that hoteliers expressed during the data collection. With that method, the 
Business as Usual scenario is developed, since it describes the status of energy performance 
of hotels, based on their owners’ attitudes and plans. The second scenario, the Policy 
scenario, has been developed based on the existing legislation, which proposes 
improvements in energy consumption in Greek buildings. The effect o f these measurements 
is examined on the selected hotels’ energy consumption, based on an end-use energy 
analysis. The third scenario, the Green scenario, is an updated version of the Policy scenario, 
which demonstrates the importance of Greek hotels following examples from cases with the 
best environmental and energy performance. These scenarios are developed using the
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software Long Range Energy Alternative Planning (LEAP), from the Stockholm 
Environment Institute (SEI, 2007).
In order to develop the scenarios, appropriate data are collected through surveys. A 
questionnaire is developed for this purpose based on the information required for the 
development of the scenario and the data requirements of the LEAP energy model.
The data collection includes the following:
• Identification of the energy sources used in the building
• Understanding of the energy usage and consumption
• Description o f the type of equipment used
• Occupancy rates during the year
• Physical and technical characteristics of the building
• Location and climate conditions
• Analysis of alternative techniques and equipment for reducing energy consumption
The data are collected from 43 Greek hotels, consisting of 21 hotels from various islands and 
22 in mainland. Out of these, 14 are classified as three-star-hotels, 14 four-star-hotels and 15 
five-star hotels, varying in size, type o f tourism, operations, type of equipment used and 
location. Furthermore, the data collected are accumulated based on the fuels consumed in 
each hotel, the amount o f these fuels per month and per year, the occupied rooms during 
different periods within a year, the type of equipment used whether it is recent or obsolete, 
the construction year of the building and the heating and cooling systems.
It is important to note that there were certain limitations during the data collection process. 
Time constraints played an important role in the data collection as it was carried out in 
Greece. Given that the hoteliers who participated in the research project were located in a 
widespread area across Greece, traveling to these locations parts proved a very time­
consuming process. In the ten of the cases, the data have been collected from the researcher 
in person. For the remaining 33 hotels, questionnaires were sent directly to the hoteliers due 
to the burden of distance. Another limitation during the data collection was that several trips 
were made to Greece had to be done in order to contact the hoteliers and collect the required 
information. This process has delayed the completion of the data collection for several 
months and therefore the cases used in this project are limited to forty-three.
It is also important to indicate the research boundary with respect to the category of hotels. 
This research only includes information for three, four and five-star hotels. There are two 
reasons for restricting the analysis to these categories:
1. Hotels in one and two-star categories have very low energy consumption since they 
offer very basic services, and so there are limits in respect to gains in energy 
efficiency and carbon reduction;
2. Hotels in one and two-star categories are mainly located in the city centre of Athens 
and Thessaloniki and do not cater for tourists and therefore contribute little to the 
tourist sector.
The qualitative part o f the research elaborates on the hoteliers’ attitudes on the results of 
LEAP about their facilities, their opinion on the existing legislation and the level of 
information they have and require. Ten of the forty-three hoteliers are interviewed following 
the results of the energy analysis with LEAP. This process is referred to as “post learning 
research process”  and it is often used in scenario planning in order to explore the viability of 
the possible realization of the results (Chermack, 2005). It is noteworthy that after these 
interviews, tlii'ee of the participants requested economic information on the proposed 
measures and actions to be applied in their facilities. This also prompted the development of 
an economic assessment in three different cases.
1.5 Contribution of the research
This work presents the energy performance and energy consumption o f a selected sample of 
Greek hotels. This study examines the existing energy regulation that includes the National 
Action Pan for Energy Efficiency and the new legislation aimed at reducing energy 
consumption in Greek buildings and its effectiveness in hotels, since there is no specific 
framework for hotels. The research evaluates the effectiveness of this policy framework 
proposing further improvements for a more consistent energy framework for hotels. In 
addition, hoteliers’ attitudes is elaborated; considering the owners’ opinions on what they 
would like to change in their facilities is examined. This process of returning to the hoteliers 
to elicit their opinions is intended to test how relevant and realistic the scenarios developed 
in this study are for the hotel sector, and what useful policy lessons can be drawn from this 
research.
1.6 Thesis Outline
The structure of the thesis is presented below. Chapter 2 presents the literature review in the 
proposed area of research. The chapter examines the climate change issue and the sectoral 
contribution o f carbon emissions as a way to explore sector-specific inteiwentions. The 
building sector is discussed further, giving the position o f Greece in the European setting. 
The chapter focuses on the hotel sector in particular, examining the sector in terms of 
operations, energy consumption and emissions placing the hotel sector in the wider Greek 
energy context as a way to gain insight into the policy framework within which the hotels are 
embedded.
Chapter 3 presents the policy framework; the EU legislation for energy use and consumption 
in services and buildings is evaluated along with the Greek legislative framework. In Chapter
4 the research methodology is presented. Survey questionnaires are constructed in order to 
collect the appropriate energy information about the hotels’ energy performance. In this 
Chapter, several energy models are assessed and evaluated against a range of functional 
criteria to help select the tool that would be used for the scenario analysis in this study. 
LEAP software is chosen, largely for reasons of simplicity and flexibility, to develop the 
scenarios.
Chapters 5, 6 and 7 present the results from the LEAP and the findings from the three 
scenarios for three, four and five-star-hotels respectively. In Chapter 8 , a synthesis 
discussion on the results of Chapters 5, 6 and 7 are given, along with a discussion on 
hoteliers’ responses to the results from the analyses. This chapter also includes an economic 
assessment for possible technological interventions in three hotels as a way to demonstrate 
what a medium-term investment plan would look like in deploying low carbon interventions. 
The overall findings are exhibited in Chapter 9, which also presents the conclusions drawn 
from the thesis. A suggestion for any future extension of the work is also illustrated in this 
chapter. It points out the parts that have been achieved in this research and indicates towards 
future research considerations.
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Chapter 2: Energy Consumption and Environmental effects 
in the Building Sector
This chapter focuses on the energy consumption of the buildings sector, its associated 
environmental impacts as well as the emissions released from energy use. This takes a 
broader discussion of the Greek energy system and its environmental effects are presented, 
followed by an analysis of energy use in different sectors and in different fuels for the 
country. Energy consumption and emissions in Greek buildings and more details in hotels, 
are given specific consideration since they are the focus of this research. The lack of 
efficiency standards and the increased energy consumption in the Greek hotels sector is a 
crucial issue to cope with, since despite hotels’ low share compared to the total Greek 
building stock, their energy consumption is very high. This issue will be explored in this 
chapter.
2.1 Buildings and Climate Change
Climate change is an issue tackled widely the past 30 years. Human activities and population 
growth are the main factors contributing to this issue. From 1970 to 2004 greenhouse gas 
emissions rose by 70% (Bernstein, et.al., 2007). This growth results in several phenomena 
such as rise of sea levels due to temperature increase, occurrence of severe weather events, 
loss of tropical forests and food shortages. Experts state that in the following years, these 
phenomena are expected to worsen and the effects would be even harsher, not only on the 
environment but also on economies and societies (UNEP, 2007).
In particular, during the years 1995-2006 the average global temperatures have been the
highest since 1850. The temperature has been rising in all regions around the globe, causing
severe changes to the natural environment. Areas such as the Arctic have a temperature
increase, which is considered as two times higher than the average global temperature. In
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addition, observations have shown that the temperature in the global ocean system has 
severely increased, even in 3000 meters depth, significantly affecting the marine 
environment (Bernstein, et.al 2007).
Furthermore, according to the Fourth Assessment Report of IPCC (2007), the global sea 
level has increased by 1.8mm per year from 1963 to 1993 and by 3.1mm per year from 1993 
to 2003. This is due to a significant decrease o f the ice in the Arctic Sea, which has been 
shrinking by 2.7% per decade since 1978, due to the temperature increase almost 3°C 
(Rogner, 2007). Furthermore, because of the temperature increase, the number of glacial 
lakes in arctic areas has raised, leading to the growth of the ground instability in ice regions. 
As a result, the ecosystems in the Arctic and the Antarctic areas are affected, putting in risk 
the local environments and the organisms that live in them (Bernstein, et.al 2007). However, 
climate change and greenhouse gas emissions are not affecting only the natural environment, 
but also the human systems as well. Specifically, agricultural and forestry lands have been 
altered due to pests or fires, or have even disappeared because of them, hi addition, due to 
climate change and emissions, human health has been at risk (IPCC, 2007).
Human activities are implicated in these climatic changes, mainly due to the increased 
energy consumption. The annual world energy consumption reached approximately 
7500Mtoe (millions tones of oil equivalent) for the year 2008-2009 (TEA, 2008). It is 
expected that by 2030 the global primary energy consumption will increase by 
approximately 50%, without having diversity in the primary energy sources used (lEA, 
2005). Therefore, more fossil fuels are expected to be used, in order to cover the energy 
demands, which will also increase greenhouse gas emissions (UNEP, 2007). Energy 
consumptions and projections in different sectors by 2030, are shown in more detail in Table 
2 . 1.
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Table 2.1 eWorld Final Energy Consum ption by sector and projections (IMtoe)
2000 2006 2015 2030 Average annual 
growth rate
Industry 1879 2181 2735 3322 1.80%
Coal 405 550 713 838 1.80%
Oil 325 329 366 385 0.70%
Gas 422 434 508 604 1.40%
Electricity 455 560 789 1060 2.70%
Other 272 307 359 436 1.50%
Transport 1936 2227 2637 3171 1.50%
Oil 1844 2105 2450 2915 1.40%
Biofuels 10 24 74 118 6.80%
Other 82 98 113 137 1.40%
Residental,Services and Agriculture 2635 2937 3310 3918 1.20%
Coal 108 114 118 100 -0.50%
Oil 462 472 493 560 0.70%
Gas 542 592 660 791 1.20%
Electricity 613 764 967 1322 2.30%
Other 910 995 1073 1144 0.60%
Non-energy use 598 740 876 994 1.20%
Total 7048 8086 9560 11405 1.40%
(Source: lE A , 2008)
As Table 2.1 depicts, aggregate energy consumption by end-use sectors is estimated to be 
increasing by 1.4% annually during the period 2006 to 2030. Final energy consumption in 
industry has an annual average growth of 1.8. In transportation sector, this slow increase in 
energy consumption occurs due to the improved fuel efficiency of vehicles (lEA, 2008). 
Residential, commercial sectors and agriculture have an increase in energy consumption by 
1.2%, lower than the average, due to the improvements in efficiency and changes in fuel 
usage (lEA, 2008). Among all the end-use sources, electricity is estimated to increase more 
rapidly during the same period by 2.5% per year, increasing its share from 17% to 21% over 
that period. The share of coal at the global scale remains stable at 9%. The share of gas does 
not change either but has an annual increase of almost 1.3% per year with most of the growth 
deriving from the non-OECD countries. Oil demand grows by 1.2% per year, with almost 
75% of the increase deriving from transport. The use of biofuels in transportation has a 
considerable growth from 1% in 2006 to 4% by 2030 (UNEP, 2007).
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The use of biomass and waste increases in residential, commercial and agricultural sectors 
but its share in total final energy consumption is expected to decrease from 28% to 22% 
during the period 2006 to 2030. In this group the share in electricity, is expected to increase 
from 26% in 2006 to 34% in 2030 (lEA, 2008). It is noteworthy that in these figures, the 
electricity consumption per capita in the residential sector of OECD countries has an average 
rate of 2800 kWh approximately by 2030, compared to that of non-OECD countries which 
reaches only up to 560 kWh. Other renewable sources include photovoltaic electricity (PV) 
in the residential, commercial and agriculture sectors, but they would only cover 2% of 
world energy needs by 2030 (UNEP, 2007). The analysis of the figures presented in Table
2.1 indicates that GHG will continue to rise. Namely, the greenhouse gases that occur from 
the energy consumption are carbon dioxide (C02), methane (CH4), nitrous oxide (N2O) and 
halocarbons. Carbon dioxide is responsible for the highest share in emissions increasing 
almost 80% the last 30 years (lEA, 2006). The largest growth in CO2 emissions derives from 
the power sector, since it is responsible for 26% of the total GHG emissions. Industry 
follows with 19%, agriculture with 14%, land use with 17%, transport with 13%, 8% from 
the residential and commercial sectors and 3% from waste, as also displayed in Figure 2.1. 
Since 1970, emissions from the power sector have increased by more than 145%, while 
emissions from the transport sector have augmented by over 120%. These two sectors 
demonstrate the highest increase in greenliouse gas emissions. Moreover, the emissions from 
industrial sector have grown by 65%, land use and forestry by 40%, while the agriculture 
sector (27%) and residential/commercial sector (26%) have experienced the slowest growth 
between 1970 and 2004 (Rogner, 2007).
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Figure 2.1: Share in CO^ em issions by sector  
(Source: IE A, 2009)
Within the global context, Greece has its own trend in energy consumption by sector and 
emissions. As discussed in the following sections, the main sector responsible for the highest 
energy consumption in Greece is industry and transportation. Thus, the share of oil increased 
almost 50% during the period 1990-2004 and it is expected to double by 2030 (1EA,2005). 
The next highest share in final energy consumption is electricity which derives mainly from 
coal. Electricity consumption increased by 75% during the period 1990-2004, with its share 
increasing from 16% to 18%. As indicated in the following sections the power sector has the 
highest share in CO2 emissions, followed by transportation and industry.
What is clear from Figure 2.1 is that it is necessary to consider a range of options in order to 
control emissions, not only at the global and national levels but also at a sectoral level. In 
order to achieve that, a series of policies and treaties have been introduced over the past few 
years, setting targets within specific period of times and with specific measurements for each 
sector. The Kyoto Protocol is one of the main pillars of the existing policy for reduction of 
emissions and energy consumption. The Kyoto Protocol along with the commitments set for 
the EU Member States are discussed in Chapter 3.
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2.2 Energy Consumption in buildings
As discussed in the previous section, one of the main sectors with the highest energy 
consumption is the building sector, including residential and commercial sectors. Almost 
30% of the total GHG emissions derive from the use of fossil fuels during the buildings’ 
operational phase (UNEP, 2007). It would be expected that decision makers would address 
the issue by incorporating emissions from buildings within a global strategy on climate 
change. This was actually included within the Kyoto Protocol, which triggered to the 
development of several Action Plans and Regulations across different regions, which are 
further elaborated in Chapter 3. Since the Kyoto Protocol is due to end in 2012, it was hoped 
that a similar framework would be developed after 2012. This was the purpose of the UN 
Convention of Parties 15 (COP-15) gathering in Copenhagen in December 2009. However, 
despite the importance of agreeing a global framework for climate change, COP-15 did not 
give any fruitful results or targets for countries to commit to reduce their GHG emissions.
The framework considered in this project is the EU Action Plan for Energy Efficiency, 
which is valid until 2020 and the EU Directives included in it since it is crucial to develop an 
energy strategy and framework for mitigation of GHG emissions in buildings, according to 
the International Energy Agency (2005), the building sector is responsible for 40% of the 
total primary energy consumption in the world, same 2500 Mtoe (UNEP, 2007). Energy 
consumption in buildings is shaped by the buildings’ operations, the coimtry where they are 
located (HM Treasury, 2005) along with the level of efficiency of the current building stocks 
and the nature of energy efficiency standards (UNEP, 2007). In OECD countries, the 
residential and commercial sectors are responsible for 30% of the total primary energy 
consumption and for almost 30% of the greenhouse gases emitted from these countries 
(OECD, 2002b, 2003). In addition, the energy consumption in the building sector of these 
countries, has had a continuous growth since the 1960s and is still increasing. Buildings’
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energy use in OECD countries is mainly attributed to electricity, oil and natural gas usage. 
As shown in Figure 2.2, there are differences in energy use in buildings varying among 
countries. Economies in transition cover their buildings’ energy demands by using mainly 
natural gas and fossil fuels for district heating; while the share of renewable energy sources 
is low. The picture is very different for developing countries where energy needs in 
buildings are deriving from biomass and specifically wood, crop waste and animal wastes. 
The continued use of biomass for household energy needs has its problems too. The use of 
wood biomass, results in deforestation and desertification and reduces the capacity of 
existing carbon sinks to absorb CO2 emissions (lEA, 2006). Furthermore, in developing 
countries, kerosene and paraffin are used for lighting but they represent a small share of coal 
and oil products (UNEP, 2007).
Final Energy Consumption for Residential and 
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Figure 2.2: Share o f  final energy consum ption for R esidential and N on-R esidential Buildings by fuels, 
Source : lE A , 2006; Stern, 2005.
The highest increase of CO2 emissions comes from commercial buildings in Asia (30%), 
North America (29%) and OECD countries (18%). For the residential buildings, the largest 
increase in CO2 emissions was from Asian developing countries accounting for 42% and
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Middle East/North Africa for 19%. During the last nine years since the IPCC Third 
Assessment Report (IPCC, 2001), CO2 emissions in residential buildings have 1.4% growth 
rate while that of commercial buildings have 3.0% per year during the same period 
(Bernstein, 2007).
As already stated, the final energy consumption in buildings depends on the building type 
and the area where it is located. In addition, the level of economic activity in the area plays 
an important role in the building’s energy profile. In particular, Figure 2.2 shows that 
developing countries have a lower share of electricity consumption. This is because one third 
of the world population has no access to electricity with this problem being severe in Sub- 
Saharan Africa (UNEP, 2007). In addition, in Africa almost 90% of the total energy 
consumption goes for cooking and heating, much of it coming from biomass resources.
In the OECD countries, 60% of their energy consumption is for space heating for which 
natural gas and oil are the common fuels used (UNEP, 2007). Modern lifestyles have led to 
the extended use of appliances and equipment that require high electricity consumption. For 
example, ventilation and air-conditioning systems are extensively used in developed 
countries, which contribute to very high amount o f electricity consumption (UNEP, 2007). 
Therefore, energy consumption in residential and non-residential buildings is defined by 
several parameters, such as the location, the economy of the country, the services provided 
in the building and the type of building.
These characteristics ai*e also in evidence in the Greek energy system. Greece as a developed 
nation has an energy profile similar to other OECD countries. Moreover, the country’s 
economy, the energy system and all the distinctive characteristics within it shape its overall 
energy profile, including those of its buildings. The following section describes and 
discusses the country’s energy profile and its economic status.
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2.3 Greece: Country’s Profile
Greece is located in south east of the European Union, with total land area of approximately 
132.000 square kilometers, consisting of the large peninsulas of the Peloponese and Attika. It 
includes over 2000 islands, which account for one fifth of the total Greek land. Greece has 
extensive coastlines on the Aegean Sea, eastern Mediterranean and Ionian Sea. According to 
the 2009 census the Greek population was about 10.7 million. Over 66% of the population 
lives in urban areas, with 35.5% of the total population located in Athens. Largely for 
reasons of geographical proximity, Greece has and will continue to develop energy links 
with its neighboring countries; Italy, Albania, Bulgaria and Turkey (1EA,2006).
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Greece is a parliamentary democracy with a president at its head and a government lead by 
the prime minister. The countiy is divided into 13 regions with elected governments and 
these are subdivided again in 51 prefectures. Prefectures are headed by an administrator 
appointed by the central government and are subdivided into 147 counties. Below the 
prefecture level, elected local authorities govern 900 urban and 133 rural communities.
2.3.1 Overview of the Greek Economy
Gross Domestic Product (GDP) for 2008 in Greece, reached 320 € billion while the per 
capita GDP for the same year was 18,750 € (Economic and Statistical Data for Greece, 
2009). The public sector contributes about 40% of the country’s GDP and employs a large 
part of the Greek workforce. Tourism, is one of the pillars o f the economy, and contributes 
to the country’s GDP. Immigrants represent 20% of the work-force and they are mainly 
occupied in agricultural and unskilled jobs (Ministry of Development, 2008). The Greek 
economy depends significantly on EU subsidies, which represent 3.3% of the annual GDP. 
During the period 2003 to 2007, the economy had a 4% annual increase, which was 
influenced by the infrastructure developments for the 2004 Athens Olympic Games 
(Ministry of Finance, 2009). In 2008, the GDP dropped to 2.9% due to the global financial 
crisis. As a result, Greece failed to meet the EU’s criteria for Growth and Stability pact, 
which is minimum 3% of GDP for the period 2001 to 2006. Further than that, another 
important factor that led to the current state o f the counfry’s economy is that public debt, 
inflation and unemployment are very high and they are above the average of the countries of 
the euro-zone (OECD, 2009).
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2.4 The Greek Energy System
After the two oil crises during the 1970s, the reduction of the oil price had led to the double 
increase of the world oil price, which had a dramatic effect on the economies dependant on 
oil imports. In 1974, the change of the oil price was 68% which eventually caused inflation 
in the economies, and in turn negative change in the unemployment rates (lEA, 206). The 
Greek economy was severely affected and thus the adoption o f energy policies was 
considered vital in order to decrease the country’s dependency on oil. The main aim of these 
policies was the exploitation o f domestic energy sources such as the lignite and hydro power, 
the production of electricity from renewable energy sources and the import of natural gas. 
However, the last two did not start to develop until after 1995 (Ministry of Development, 
2007).
2.4.1 Total Primary Energy Supply and Final Energy Consumption
In 2007, the total primary energy supply (TPES) in Greece was approximately 45 Mtoe 
(Ministry of Development, 2008), showing an increase around 40% from 1995, as shown in 
Figure 2.4. Total primary energy supply (TPES) had an average growth of 2.3% per yeai* 
during the period 1995-2008 with a large increase in 2003-2004, around 9.5% (lEA, 2006). 
The government forecasted an average growth o f TPES by 1.4% by 2010 due to the efforts 
to promote further penetration of natural gas and to increase energy efficiency (lEA, 2006). 
The most significant change in the fuel mix of TPES has been achieved due to the shift from 
coal to gas use. Coal accounted for 8 Mtoe, 36% of TPES in 1995, and 9 Mtoe in 2006, 
decrease at 23% in the overall energy mix. The natural gas introduction to the Greek energy 
market started with 1.4 Mtoe in 1995 increasing by 6%. In addition, TPES of oil was 
increased from 12.8 Mtoe, to 19.5 Mtoe from 1995 to 2008. The share of renewable energy 
sources was stable at 5% of total TPES, with the largest share due to the large hydro power 
stations (Ministry o f Development, 2006).
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Figure 2.4 Total primary energy supply for G reece 1995-2008 (Source: M iistry o f  D evelopm ent, 2008)
Figure 2.5 demonstrates the energy balance of Greece for the year 2007. The indigenous 
production of energy in Greece is mainly covered by coal for electricity generation. Energy 
imports include coal, oil and petrol products, LPG, natural gas and electricity.
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As Figure 2.5 depicts, renewable energy sources cover only 1.68 Mtoe of the total energy 
supply. Half of that comes mainly from solar, wind energy and combustible wastes whereas 
the other half is from large hydro plants (lEA, 2009). It is noteworthy that Greece does not 
export energy and it relies mainly on energy imports in electricity. Transportation has the 
highest energy consumption, as shown in Figure 2.7. Residential sector is responsible for 
2.6 Mtoe of oil consumption and the commercial sector for 0.5 Mtoe, whereas electricity 
consumption for the commercial sector is 1.6 Mtoe and for the residential sector 1.5 Mtoe 
(lEA, 2009).
It would be expected that the final energy consumption would have similar values as the 
final energy supply, something that does appear in Figure 2.6 though, since there is almost a 
difference of 12Mtoe between the two final values. This is due to energy losses that exist in 
the Greek energy system (lEA, 2009). The primary energy supply includes the energy 
consumption from the usage of each fuel but it also includes losses from transportation, 
friction, heat losses and other inefficiencies (World Resource Institute, 2003).
The total final energy consumption (TFC) in Greece for the year 2007 was approximately 22 
Mtoe, showing an increase of 52% from 1995, with an annual increase of 2.6% (lEA, 2008). 
The amount of oil in TFC increased from 14 Mtoe to 17 Mtoe between the years 1995 to 
2008, as shown in Figure 2.6 (Ministry of Development 2009). The next source that has an 
important share on the TFC is lignite.
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Figure 2.6: Total final energy consum ption by source from 1995 to 2008 
(Source: M inistry o f  D evelopm ent, 2008)
As shown in Figure 2.6, there has been a raise of 75% during the years 1995 -  2008 in fuel 
consumption. This was large driven economic development, which improved the citizens’ 
way of life and enhanced their living standards. The position of renewable energy sources in 
the TFC of the country remained very low, at 3 Mtoe by 2008 (lEA, 2006).
Total final energy' consumption by sector
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Figure 2.7: Total final energy consum ption by sector  
(Source: M iistry o f  D evelopm ent, 2008)
The TFC by sector is distributed as demonstrated in Figure 2.7. The figure shows that 
transportation is responsible for 40% of the TFC, while industry has had almost the same 
share (35%) during all these years. Buildings include the commercial and residential
buildings and their energy consumption almost doubled during 1995- 2008 (Ministry of 
Development, 2008). This is due to the growth in construction of the commercial buildings 
and the increased use of services that require electricity for operation.
2.4.2 Energy imports
Energy imports are a very distinctive characteristic of the Greek energy system. Greece 
imports oil mainly from Russia, (32.2%), Saudi Arabia (31.1%) and Iran (28.6%). The 
country’s energy dependence on oil and natural gas imports was roughly 75% in 2005 
(Ministry of Development, 2008; lEA 2006). The demand in natural gas is mainly covered 
by imports from Russia (85%) through the pipelines from Bulgaria or from Algeria as 
liquefied natural gas (15%). In 2005, the total imports of natural gas reached 2.8 bn m  ^ and
3.1 bn m  ^ in 2008 (Ministry o f Development, 2008).
2.5 The Greek Electricity System
Electricity generation had rapidly expanded by 69% between 1995 and 2006 an annual rate 
growth 3.8% (lEA, 2006). The main growth area is electricity consumption in buildings 
(Ministry of Development, 2006; lEA, 2006).
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Figure 2.8: Final electricity consum ption by sector (Source: M inistry o f  D evelopm ent, 2008).
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Figure 2.8 shows the final electricity consumption by sector. Residential and commercial 
sectors have the highest increase in electricity consumption during the period 1995-2008. 
Residential sector on 2005 had the highest increase with the commercial sector second in 
terms of electricity demand. This represents 80% growth compared to 1990. Again, the 
commercial sector had an annual increase of electricity consumption of 8% for the year 2003 
and 2004 (Ministry of Development, 2006; lEA, 2006).
Table 2.2 analyses the installed capacity of electricity generation in the country.
Fuel Total installed Main grid Crete Rhodes N ot connected
capacity (MW ) Islands
W ind 745 537 130 15 63
Biom ass 24 23.8 0.4 - -
H ydro electric 3125 3124 0.6 - -
Natural Gas 2523 2523 - - -
Oil 2345 750 730 234 632
Lignite 5288 5288 - - -
Total 14051 11568 861 249 695
(Source: Pubic Pow er C om pany- M ain d istributor o f  electricity in G reece, 2006)
As shown in Table 2.2 lignite fired power stations represent 37% of the total installed 
capacity, oil and diesel 17%, natural gas 18%, hydro electric plants 22% whereas wind parks 
only 5% (Ministry of Development, 2008). For 2006 the supply mix type of electricity 
generation was 60% of it was from lignite, 16% from oil, 18.7% from natural gas, 14% from 
hydro-electric plants and 2.1% from wind parks. Total electricity generation has increased by 
71% since 1990 (Ministry of Development, 2008).
2.5.1 Electricity Grid
The Greek electricity system is divided into the main grid and the submarine grid to some 
islands. The islands that are distant to the mainland, are not connected to the main grid and 
their electricity needs are covered through diesel generators. The mainland grid is also 
connected with all its neighbouring countries; however it is unevenly distributed, as 68% of 
electricity is generated in Northern Greece and 33% in Attica. The annual rate of energy 
demand in the grid in Crete and Rhodes is higher than that of the main grid. This happens
because of the high electricity demand that occurs in these two islands during the summer 
season from the tourism activity (Agoris, 2004).
It is therefore shown that the share of renewable energy sources still remains very low, 
covering almost 10% of the total electricity generation. This is mainly because of the large 
hydro-electric plants and the wind parks. The following table shows detailed development of 
renewable energy plants for electricity generation (Ministry of Development, 2008).
Renew able energy 
technology
2001 2002 2003 2004 2005 2006
H ydro electric (<10M W ) 60 62 69 79 89 108
W ind 270 287 371 472 491 745
Solar - - - 0.7 0.8 0.8
Biom ass 22 22 22 22 25 24
Total 352 371 462 573.7 605.8 877.8
Sources: C entre o f  R enew able Energy sources (2006), R egulatory Authority o f  Energy (2006)
According to the Ministry of Development (2007) during the years 2004-2006, the installed
capacity of renewable energy sources used for electricity generation increased by 30%. The
reached capacity in small hydroelectric plants was 108 MW by the end of 2006, almost three
times more than 1997. Table 2.3, shows that by 2001 the installed capacity of wind parks
was 270 MW, using to 745 MW by the end of 2006 (Ministry of Development 2007). In the
same year, the total electricity generation from renewable energy sources was 8,5 TWh 79%
from large hydro plants, 20% from wind parks and only 1% from biogas. Further, electricity
from photovoltaic systems was very low (Ministry of Development, 2007).
2.5.2 Greenhouse Gas emissions
With the adoption of the Kyoto Protocol and other legislation, Greece has been required to 
take action in order to change its pattern of energy production and consumption, which is 
responsible for large amount of emissions. This includes developing a better legal 
framework. In particular, the target set for Greece by the Kyoto Protocol, allows a 25%
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increase in six greenhouse gases (GHG) by the period 2008-2012 compared to the 1990 
levels (UNFCC, 2007). The use of oil in transportation, industry and residential sector has 
led to oil becoming the main source of emissions as shown in Figure 2.9. Lignite is the next 
largest fuel use. With the current and future plans for improvements on energy efficiency 
and the closure of some old lignite power stations, the share of emissions from lignite is 
expected to decline. Moreover, as Figure 2.9 shows, natural gas has been, and still is, a small 
contributor to emissions, mainly because by 2003 it had been used in power stations. 
However, the current energy legislation in Greece, which is analysed in Chapter 3, promotes 
the use of natural gas and LPG mainly in residential and commercial sectors, thus the fuels’ 
share in emissions is expected to increase during the coming years (lEA, 2006).
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Figure 2.9: C O 2 Em issions by fuel (Source: M inistry o f  D evelopm ent, 2008)
Throughout the period 1995-2008, total GHG emissions increased by 23.4% compared to 
1990 levels with carbon dioxide (CO2) representing 80% of the total emissions (Diakoulaki, 
2007). The highest share in emissions is the transportation sector due to the increased use of 
oil, as previously stated. Additionally, the second largest increase of CO2 emissions in 
Greece comes from the electric power generation sector. Residential and tertiary sectors 
follow, but these two sectors have the highest growth rate per year compared to the other 
sectors (lEA, 2006).
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Figure 2.10 C O 2 E m issions by sector  
Source: O ECD. STAN D atabase. 2006.
CO2 emissions per unit of GDP are higher in Southern Europe countries, as shown in Figure 
2.11. This is due to the heavy reliance on lignite for electricity generation. In Italy or Spain 
for example, gas is making a significant contribution to electricity supply (lEA, 2006).
Euergy-rdaled CO, emissions per GDP in Greece and in other 
selected lEA Countries (1995-2008)
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Figure 2 .1 1: E nergy-related C 0 2  em issions per G D P in G reece and in other selected lE A  C ountries (1995- 
2008)
Figure 2.11 makes it clear that Greece must reduce its consumption in both electricity and
oil. Other countries such as Italy and Spain, could be used as examples aiming at
diversifying the current fuel use. The policy framework would diversify significantly the fuel
use, if specified measures were applied in each sector, starting from those that are
responsible for increased consumption and emissions.
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2.6 Energy use in Greek Buildings
The buildings constructed before 1980, represent about 75% of the total number of Greek 
buildings. These buildings have low energy performance, whilst the majority of them are 
equipped with obsolete electrical and mechanical facilities (National Hellenic Statistical 
Service-NHSS, 2005).
The main categories of the Greek buildings are residential buildings, commercial buildings 
including hospitals, hotels, schools and offices; which constitute 30% of the total energy 
demand (Gaglia, 2007). Additionally, industrial buildings, churches, athletic facilities, 
storage areas and closed parking spaces, are part of the building stock, which represent 
21.9% of all buildings, but with contribution to total energy consumption since they are 
periodically used (Karagiorgas,2007).
As mentioned above, during the period 1995-2008 the highest increase in final energy 
demand was in the residential and tertiary sectors. This is a result of the increase in the 
number of buildings and the extensive use of electrical equipment and services, in order to 
meet people’s demands and to create a comfortable indoor environment for them. In 2002, 
Greek buildings consumed about 62% of the total electricity production and 39% of the final 
energy consumption (European Commission, 2004), It is also important to note that 
buildings are responsible for 40% of the total C 02 emissions in the country, as a result of 
their high electricity and oil consumption (Regulatory Authority of Energy, 2004). Tertiary 
sector plays an important role in the total final energy consumption in buildings. Section
2.6.1 which follows discusses this in more detail.
2.6.1 Tertiary Sector
The tertiary sector both private and public and represent, 25% of the total building stock.
The public sector includes buildings that are used for public services such as schools,
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organizations and athletic facilities. The private sector includes offices, private hospitals, 
commercial buildings, hotels. The breakdown of this sector is as follows: offices/commercial 
offices: 2.74%, schools 0.41%, hospitals 0.005%, hotels 0.26% and others 21.9% (Gaglia,
2007).
Energy use in the tertiary sector is responsible for 7.3% of the country’s energy 
consumption, 29.7% of the country’s overall electricity generation and 2.1% of the total 
thermal energy (Ministry of Development, 2004). It is estimated that by the end of 2010, 
energy consumption in non-residential buildings will increase by 30% compared to 2000 and 
the electricity consumption by 40% (Ministry of Development, 2008). Therefore, buildings 
of the tertiary sector are responsible for high energy consumption, because of the multiple 
services offered and the mixed types of fuels used in these buildings. In Figures 2.12 and 
2.13 the final energy consumption in the tertiary sector is shown.
Final energy consumption in buildings of the public sector (in GWh)
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Figure 2.12: Final Energy C onsum ption in public buildings o f  the tertiary sector  
(Source: M inistry o f  Developm ent, 2007)
From Figure 2.12 it is observed that offices have the highest energy consumption in the
public sector, with public hospitals coming next. The amount consumed is 2400 GWh and
1108 GWh respectively. These high numbers indicate that there is a need for a legislation to
be applied to specific sectors, aiming at reducing their energy consumption and emissions.
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Final e n e rg y  c o n u s m p tio n  in th e  p r iv a te  s e c to r  (in GW h)
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Figure 2.13: Final Energy C onsum ption in private buildings o f  the tertiary sector  
Source: M inistry o f  D evelopm ent, 2007
For the private sector, hotels are the second in terms of energy consumption after the 
commercial stores. The commercial stores/sector, include several types of buildings, which 
accounts for the high amount of energy consumed. Hotels on the other hand are responsible 
for 29% of the energy consumption in the private sector and 6% of the total electricity 
consumption. This sector has high potential of reducing energy consumption and emissions, 
if the appropriate framework is applied.
2.7 Energy use in Greek Hotels
Hotels represent about 0.26% of the total Greek building stock. Though hotels are a small 
share of the total building stock, they are responsible for 29% of the energy consumption in 
the private sector (Gaglia, 2007; Ministry of Development, 2008). This is explained by the 
AC space heating and cooling equipment, hot water needs, facilities and services offered and 
occupancy rates (Gaglia, 2007). Energy types are used including electricity, gas, diesel fuel 
and natural gas and others. Still, the main energy source used for amenities such as air- 
conditioning, heating, lighting, lifts, kitchen equipment and other portable appliances is 
electricity. This explains why the energy cost in hotels is high and is distributed across the
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following three components: energy, operations and maintenance (Mavrotas,2003). The 
share for each one of the services included in hotels as shown in Figure 2.14.
Final Energy consumption by use in Greek hotels (in GWh)
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Figure 2.14: Final Energy consum ption by use in G reek  hotels (in GW h)
(Source: Balaras, 2007)
As shown in Figure 2.14, the highest energy consumption in hotels comes from heating and 
other electrical uses. Heating is responsible for the highest amount of energy consumption in 
hotels, since the main fuel used is oil. Natural gas is lower, but it is expected to change the 
energy profile and reduce the use of oil in heating in the next 15 years, due to the possible 
application of the measures recommended in the suggested policy framework.
It is important to note that the majority of Greek hotels have been built during the 1980s, and 
do not comply with today’s environmental and energy standards. In addition to this, it is 
necessary to consider the size o f the hotel; since the number of the rooms along with the 
number of tourists and the category of hotel, determine the energy consumption 
(Santamouris, 1996).
Consequently, any effort to reduce energy consumption in the hotel sector is likely to be 
significant. A series of both national and European policies could be implemented in the 
hotel sector, to improve energy performance and reduce energy consumption. These policies 
include measures analysed in the National Climate Change Programme for Greenhouse Gas
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Emissions Reduction, the National Action Plan for Energy Efficiney, the European Action 
Plan for Energy Efficiency and the Directives embraced in it; the Building Directive 
2002/91/EC, the Directive 2006/32/EC for Energy End-use Efficiency and Energy Services 
and the Directive 2005/32/EC for Eco-design requirements for energy-using products.
The hotel industry is one sector that could promote both the efficient use of energy and the 
implementation of renewable energy sources wherever it is feasible. In that way, the hotel 
industry could reduce its effect on the local environment, prevent its reliance on imported 
fuels and support the country’s effort to meet its Kyoto targets.
2.8 Conclusion
This chapter laid out the problem of climate change and the greenhouse gas emissions, 
exploring the different sectors responsible for it. The focus is on the building sector, which is 
responsible for 40% of emissions in total. Following that, Greece’s position in the global 
issue o f climate change and energy consumption is explored with a description of the Greek 
energy system. This discussed the types of fuels used, the type of the country’s electricity 
system, the energy consumption in different sectors and the emissions occurring from these 
services and operations. Further, a discussion of the Greek building sector and hotel sector is 
provided, pointing out the need for measurements and methods for reduction o f energy 
consumption and emissions. This Chapter demonstrated that the main energy source used in 
buildings is electricity, which derives fiom lignite power stations. Thus, it is essential to 
define alternative methods in order to reduce the reliance on lignite for electricity production 
using renewable energies, and simultaneously to provide energy efficient methods for the 
rational use of energy in the buildings. In addition to that, oil also has a high share in Greek 
buildings and it is the primary source used for heating requirements.
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Chapter 3: Energy Policy and Regulation
The existing EU and Greek Legislation is discussed in this Chapter. The chapter begins with 
an overview of the Greek energy framework. This is followed by an exploration of the EU 
Action Plan for Energy Efficiency and the three Directives about Buildings Energy 
Performance, Eco-Design products and energy efficiency services. Based on this broad EU 
framework, the Greek National Action Plan for Energy Efficiency and the Regulation 
3661/2008 is discussed. The measures included in the Action Plan are also explored in the 
following sections, which along with an overview of the existing legislation in Greece, with 
a focus on the measures related to buildings. These measures are separately evaluated for 
their possible implementation in the Greek hotel sector. The measures presented in this 
Chapter are used for the development of the energy scenarios in Chapters 5, 6, and 7 of this 
project.
3.1 General Energy Policy in Greece
Greek energy policy is developed and formulated at governmental level, with the Ministry of
Development taking the lead for all changes and overall policy formulations. Since 2001, the
energy policy has been re-shaped and re-organised, creating a more concise and effective
regulatory framework (lEA, 2006). The development o f the current legislative framework is
based on the EU energy legislation, which is presented in the following sections of this
chapter. The new Greek framework gives emphasis on the promotion o f renewable energy
technologies and the construction of large interconnection projects with neighbouring
countries, such as the oil pipeline within Greece, Russia and Bulgaria, Greek-Italian natural
gas pipeline and the import of oil and natural gas with Egypt (IEA, 2006; Ministry of
Development, 2006). The energy connections are deemed beneficial for the country, since
they contribute to the country’s energy supply. They also highlight the countiy’s anxiety
over dependence on imported fuels. Within the overall objectives of the new energy policy
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framework are the country’s security in energy supply and diversification o f energy sources, 
protection of the environment, enhancement of the productivity and competitiveness of the 
national economy and regional development within the country (Ministry of Development,
2008). These objectives aim to reduce the use of imported fuel, promote the use of the 
national resources that are abundant but still unexploited, develop the installation of 
renewable energy projects that could significantly reduce the operation of lignite-fired power 
plants for electricity generation as described in Chapter 2. Such interventions could reduce 
the environmental burdens associated with fossil fuel based electricity generation.
However, in order for the energy policy objectives to be met, barriers such as local 
resistance, delayed licensing procedures and lack of specified sectoral strategies need to be 
overcome. In May 2006, the Government set a limit from 6 to 12 months for the 
authorisation process of all licenses required in renewable energy projects. In addition, the 
government offered strong incentives to the local authorities to encourage the installation of 
renewable energy systems (RES). There are obstacles both in the installation o f RES systems 
and in all energy related infrastructures in any level for residential, commercial or industrial 
buildings. The simplification of the easing o f the licensing procedure and the bureaucracy 
state are critical issues as currently there are big delays to all the new projects in Greece. At 
the same time, the engagement of the public is essential and ways to inform the public for 
this type o f investments need to be provided. This is because the majority o f the people are 
not familiar with the existing energy policy, the need for energy security and environmental 
protection (lEA, 2006). Thus, it is essential for the Greek Government not only to set Laws 
and Regulations but also to inform the public about the benefits that could be brought to the 
country by diversifying the energy system in terms of delivering on energy security, 
environmental responsibility and employment generation. In addition, another important 
obstacle for the promotion o f renewable energy projects and rational use of energy is the
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lack o f a specific energy strategy for each sector. Nevertheless, despite the delays and the i
low level of promotion and information, the policy framework could be still effective if it 
were well communicated.
At this point, it is essential to note that the Greek energy policy derives from the Kyoto 
protocol and the EU energy framework such as the Action Plan for Energy Efficiency and 
the Directives included in it. The Kyoto Protocol sets commitments for developed countries, 
which are supposed to demonstrate reduction o f emissions, jointly or individually. The target 
for developed countries is the achievement of reduction of greenhouse gases by more than 
5% in the period 2008-2012 below the 1990 levels (Kyoto protocol, 2005). The EU and its 
Member States agreed to 8% reduction. All member countries would meet this target jointly.
However, under the Burden Sharing Agreement each country, depending on the national 
conditions, its current emissions and its economic development has a different target 
(UNFCCC, 2008). Greece, according to this commitment, has an allowance to increase its 
greenhouse gas emissions for the period 2008-2012 by 25% compared to the base year 1990 
(United Nations, 1998). In 2002, Greece ratified the Kyoto Protocol with the Law 3017/2002 
(Ministry of Development, 2006).
In order to achieve the Kyoto Protocol targets, a series of energy plans has been developed, 
firstly at EU level and then at the national level, that also considers a series of directives in 
all sectors. In this project, the Directives and national action plan addressing buildings will 
be analysed. The targets included in the legislative framework include 20% of reduction of 
C 02 emissions, 20% of penetration of renewable energy sources and 20% of reduction of 
energy consumption tlirough energy efficiency by 2020 (European Commission, 2006). The 
progress for meeting these tai’gets will be shown to the EU through the development of 
appropriate national action plans for energy efficiency. Since the first action plan, every two 
years a new updated plan is evaluated by the EU. The first Action Plan for Energy Efficiency
37
for Greece is analysed below, along with the National Action Plan for Greenhouse gas 
emissions from 2000-2010. In addition, the first Law (3661/2008) for improving energy 
performance in buildings is introduced, based on the EU Directive for energy performance in 
buildings.
At a national level, the most recent package of measures developed is the National 
Allocation Plan of Greenhouse Gas Emissions for the period 2008-2012 (Ministry of 
Development, 2006). This plan, as the previous one, was developed and adopted in order to 
support the reduction of greenhouse gas emissions for the country and to meet the Kyoto 
obligations during the first commitment period, 2008-2012 (Ministry o f Development, 
2006). The measures are elaborated in the following sections.
3.2 EU Legislative Framework
As previously mentioned the legislation considered in this project includes the EU Action 
Plan for Energy Efficiency and the Directives included in it; the EU Directive for Energy 
Performance in Buildings, the Directive for End-Use Energy Efficiency and Energy Services 
and the Directive for Eco-Design Requirements for energy using products. Each of these is 
evaluated and elaborated in the following sections. In general. Action Plans are considered 
as important instruments with which the EU could examine, control and accelerate the EU 
efforts in energy efficiency (de Vos, 2010). They start from an EU level as the Action Plan 
for Energy Efficiency and they are split up in national level for each country, as the Greek 
Action Plan for Energy Efficiency presents in the following sections.
3.2.1 Action Plan for energy efficiency
In order for the Member States of the EU to achieve 20% reduction of energy consumption 
by 2020, the European Commission has adopted the Action Plan for Energy Efficiency
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(European Commission, 2002). Apart from its main aim to reduce 20% of the energy 
consumed, the Action Plan also aims at promoting the use of the most energy-efficient 
infrastructure to all sectors not only to the general public and policy makers but to market 
actors as well. Moreover, the Action Plan states the significance of encouraging citizens to 
use energy as rationally as possible. This action is based on information since '‘"Energy 
efficiency is not merely a legislation but it is an informed choice” (European Commission, 
p.8, 2007). The importance of this statement is evaluated in Chapter 8. This Chapter will 
demonstrate the importance of engaging people in energy efficiency, presenting at the same 
time the requirements o f the people in terms of information about the existing legislation.
The improvement of energy performance concerns standards for energy efficiency in 
equipment with an appropriate labelling system that would focus on the consumers, so that 
they have the option to evaluate the appliances they are about to purchase. As it is presented 
in Chapters 5, 6 and 7 of the data analysis, the reduction in energy consumption could be 
significantly reduced after the replacement o f old equipment with new efficient appliances.
The EU Action Pan for Energy Efficiency is viewed as very beneficial for residential and 
commercial buildings, with potential savings 27% and 30% respectively; in manufacturing, 
savings can reach 25% and in transportation up to 26% (European Commission, 2006). The 
achievement of the target will help the reduction o f the EU’s impact to the environment and 
its reliance on imported fuels. Moreover, the Action Plan will increase the competitiveness 
between industries, but will also increase exports of new technologies and contribute 
meaningfully to employment generation. To add to this, the energy savings will boost the 
investments into innovative technologies (European Commission, 2006),
According to the EU Action Plan for Energy Efficiency, all EU Member-States have 
developed national action plans for energy efficiency. The National Action plans include
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measures for all sectors that are not included in the EU emissions trading scheme, such as 
buildings, smaller industries, transport and agriculture. All the plans include targets which 
will add up to 9% improvement in all sectors during the period 2006-2016. The first valid 
period for each action plan is six years. The first validation period was in June 2007 when 
the Greek National Action Plan was examined and evaluated, and failed to meet the targets 
set, failing to deliver even the existing data on the baseline energy consumption for the 
country (lEA, 2008). As the data analysis in Chapter 5,6 and 7 suggests the implementation 
of the proposed measures in a selected sample o f the Greek hotel sector- part of the tertiary 
sector- could be very effective in reducing energy end-use and consequently reduction in 
CO2 emissions. Before starting with the analysis o f the Greek legislation and Action Plan, 
the three Directives used for the development of the EU Action Plan and subsequently the 
Greek Action plan are evaluated in the following sections.
3.2.2 The European Directive on the Energy Performance of buildings
The Directive on energy performance in buildings was adopted in 16'*' December 2002 with 
support from the EU Member States and entered into force in 4"' January 2003. It is 
estimated that by 2010 the possible energy savings in the building sector could be around 
22%. If this target is achieved, then almost 20% of the Kyoto target could be met (European 
Commission, 2002).
The context of the Directive focuses on two issues; the first is about the Environmental 
objectives o f the European Community and the second the European Union’s status on 
energy supply and demand. Considering the necessity in reducing energy consumption in 
several sectors, such as the building sector, this Directive promotes energy savings and 
proposes several actions in different services. The propositions are presented and evaluated 
below.
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3.2.2.1 Certification
Article 7 of the Directive refers to the certification of buildings. All Member States should 
ensure that during the buildings construction, sale, or rent, an energy performance certificate 
will be given to the owner or by the owner to the prospective buyer or tenant. The validation 
of the certificate is 10 years. The certificate includes a description o f methodologies that are 
appropriate for existing and new buildings, information on the electrical equipment included 
in the building. In addition, the certificate should include current legal standards and 
benchmarks in order for the consumers to be able to compare and evaluate the energy 
performance of the building. The certificate should also contain suggestions on how to 
improve the energy performance (European Commission, 2002). Energy certification could 
be voluntary or compulsory depending on the type of building. The main objective of energy 
certification is to promote higher energy performance standards in the buildings but in order 
to be successful, certain parameters should be considered. Since an energy certificate is 
unique for each building, it requires a clear quantification of the building’s design so as to 
control its energy performance as much as possible. A well-developed energy certification 
scheme should propose the mechanisms and technologies that would reduce energy 
consumption at the building, such as passive cooling and ventilation, implementation of 
renewable energy technologies and passive solar heaters (Casals, 2006). In addition, as 
previously mentioned, the certification could be either compulsory or voluntary. Casals 
(2006) argues that compulsory energy certification schemes, could create several problems 
in the development of the certification since building owners or tenants would have to follow 
certain patterns, in contradiction with the voluntary schemes. This opinion might favour the 
voluntary certification more than the compulsory one. By using a compulsory scheme, all the 
potential energy improvements could be developed since the voluntary energy certification 
scheme has a limited scope o f development.
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3.2.2.2 Inspection o f  boilers and air conditioning systems
Articles 8 and 9 o f the directive refer to the inspection of hot water boilers that are also used 
for heating in buildings and the inspection of air conditioning systems used to control the 
indoor air temperature in the building. With this measure, regular inspections of boilers with 
energy rated output of 20 kW to 100 kW, where non-renewable liquid or solid fuel or any 
other fuel is consumed, could be established. Boilers of an effective rated output of more 
than 100 kW should be inspected at least every two years. For gas boilers, this period is 
extended to four years. Furthermore, for heating systems older than 15 years, the inspection 
includes an assessment which gauges the system’s efficiency according to the building’s size 
and heating needs (European Commission, 2002). Further than that, inspections in air- 
conditioning systems could be vital to the reduction of energy consumption and greenhouse 
gas emissions. Member States should establish regular inspections on air-conditioning 
systems through the establishment of appropriate measures, aiming at an output of more than 
12kW. This inspection will assess the systems’ efficiency according to the building’s cooling 
requirements (European Commission, 2002). This measure could evaluate the existing 
heating and cooling facilities and where appropriate, to replace them with efficient ones.
3.2.2.3 Energy Regulation and Calculation procedures
This article proposes a methodology to Member States either at a regional or national level,
on how to evaluate the energy performance o f buildings. This methodology could be
articulated in an obvious way and including an indicator of CO2 emissions. In addition, in
order to have an accurate calculation o f energy performance for each Member State, energy
regulation should be taken into consideration (European Commission, 2002). The objective
of energy regulation should be the establishment o f an upper limit for the buildings’ energy
consumption. For this process, a wide range of issues such as national strategies on
minimum energy performance standards, should be considered. In particular, the general
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indoor conditions should be thoroughly examined; lOOOm  ^ size o f buildings is the limit that 
has to be applied to buildings o f all Member States. It is essential to identify the type of 
requirements for major renovations in the building, how audits in buildings are organized 
and what kind of legal permissions exist for them (European Commission, 2002). This 
enables the appropriate tools for energy assessment to be defined, thus facilitating the 
process of controlling the energy consumption in buildings. It is important to note, that 
energy regulation varies between the countries. The variation does not only derive from the 
assessment process and the methods applied, but also from the type o f buildings in each 
country, the climatic conditions and national and region-specific features. In the case of 
Greece, the energy regulation for buildings has only recently been established; in May 2008 
the new Regulation for Energy Performance in Buildings (Law 3661/2008) was introduced 
for the first time in Greece. This regulation is further elaborated in paragraph 3.6.
3.2.3 Directive for Energy End-Use Energy Efficiency and Energy 
Services
This Directive indicates the necessity o f improving energy end-use efficiency, by promoting 
renewable energy technologies and by having an effective management of energy demand. 
The improved energy end - use efficiency is important since it conhibutes to the decrease of 
the primary energy consumption o f the country, to the reduction of CO2 emissions and to the 
prevention of further adverse effects on the environment. Furthermore, the application of 
end-use energy efficiency actions could bring cost-effective energy savings. Moreover, 
energy efficiency improvements could support the member states o f the EU to reduce their 
dependence on energy imports (European Commission, 2007).
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The aim of this Directive is firstly to support supply of energy services and secondly to 
create stronger incentives for reducing energy demand. It is anticipated that in all EU 
Member states, the public sector will be the representative example o f supporting the 
incentives of implementing energy efficiency measures using the public economic budget for 
this purpose. Moreover, it is expected that this sector will initiate pilot projects to motivate 
employers to encourage energy efficient behaviour. These actions should be communicated, 
in order to be effective to the community and comprise a representative example for other 
sectors (European Commission, 2007). As elaborated in Chapter 8, the provision of 
appropriate information to their employees for rational use of energy is considered equally 
vital. This indicates the necessity to engage the end-users of a building.
In Article 4 of the Directive, the general energy saving targets and actions that need to be 
taken by each EU member state, are analysed. In more detail, all members should adopt and 
achieve the overall energy target of 9% for the ninth year of application o f the Directive, 
under the implementation o f energy efficient measures, cost effective changes and in 
general, reasonable measures in order to meet these targets. In order to control the progress 
for the achievement of the target, all Member states are obliged to have Energy Efficiency 
Action Plans with specific measurements, appropriate for each country. In that way, the 
progress of implementing these measures is controlled, since each member has to draw-up 
programmes and measures in order to support and promote energy efficiency in all sectors 
(European Commission, 2007).
3.2.4 Directive for Eco Design Requirements for Energy Using Products
The Eco-Design Directive supports the minimum standards in order to improve energy 
efficiency of a group o f products. These products increase the energy consumption in 
buildings, offices or industries (European Commission, 2005). From the production to the
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end-use o f products there is a significant effect on the environment such natural resource use 
and production of dangerous waste materials. In order to reduce these impacts, in 2003, the 
Commission proposed the directive on setting eco-design requirements for products that 
consume energy (EuP) that set measures on a product-by-product basis. The selected 
measures will try to define the energy performance o f each product with appropriate labels 
on them, so the consumers could decide. Furthermore, these measures will include 
information that would promote consumers’ responsibility in contributing to energy savings. 
Moreover, on agreed methodology and criteria will be implemented in order to develop the 
eco-design requirements for energy using products. This directive is applied to any product 
using energy, except vehicles. In addition, the directive does not pose legal obligations for 
manufacturers, unless specific measures are adopted (European Commission, 2005). 
However, these obligations would not be applied to all energy-using products, but only to 
those that are considered to have high environmental impact. Further than that, the measures 
will be applied to the products and services from a very fundamental level aiming at 
improving the overall environmental performance of a product. Other measures could be 
related to a selected environmental phase of the product (such as energy consumption during 
use), which is quantified and therefore measurable (Brussels Network Office, 2009). This 
labelling scheme will provide buyers with the appropriate information about the type of 
equipment in which they are interested. In this way it is possible to engage people in energy 
efficient products and at the same time to inform them about this type o f equipment. In 
Greece efficiency labelling was introduced only a few years ago. As the data analysis 
indicates, in hotels efficiency equipment is usually for air-conditioning and lighting. 
However, take-up has been slow. Replacing old inefficient equipment with high efficiency 
can reduce energy use significantly, particularly in continuous service applications. Despite 
the delayed implementation o f the Directives in Greece, other European countries have 
applied them and evaluated their effectiveness. Namely, Casals (2006) describes the
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Directives as an effective tool which could set the limits for energy consumption and use, in 
buildings and services (Casals, 2006). Especially for the Directive in Buildings, it is a 
successful tool of controlling energy consumption in buildings, which is associated with the 
building’s energy performance and energy assessment (PREDAC, 2003). These two 
elements, define the effectiveness of the Directive and they vary among the countries even if 
it is the same for all members o f the EU (Casals, 2006). However in Greece there is limited 
access to the buildings’ energy data, which often is not collected, and a lack of trained 
people to conduct an energy assessment. Energy information for all the sectors of Greece is 
largely absent, therefore, any energy assessment will start only after the information is 
collected and delays are eliminated. It should be noted, that the energy assessment is a vital 
step for the measurement o f the buildings’ energy performance. The Danish experience 
clearly supports that a well-structured energy certification scheme could offer clear 
indications about the buildings’ energy performance thus allowing for comparisons with 
other buildings within a regulated level o f energy performance (Lausten, 2003). These 
observations show two things; the first is that the use of efficient equipment and energy 
labelling process is already widely used in Europe and it has been evaluated as very 
effective; and the second that the examples from other countries could be used as a guide for 
Greece.
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3.3 Greek Legislative Framework
3.3.1 Law 3661/2008- Regulation for Energy Performance in Greek 
buildings
In the Greek legislative system, Law 3661/2008 is the implementation o f the EU Directive 
for Energy Performance in Buildings. This Law was developed according to the Directive’s 
articles and creates regulation that all buildings should include in their operations. It focuses 
on five basic areas o f buildings’ energy consumption. These areas concern the definition of 
the minimum energy requirements in buildings and the method of calculating energy 
efficiency in new and existing buildings, as referred to in Articles 3, 4 and 5 o f the Directive; 
the creation of energy certification in each building (Article 6), the audits process for heating 
and cooling installations (Articles 7 and 8), and the assignment of the audits to specialised 
and qualified personnel (Article 9). Detailed analysis of the articles is included in the section 
for the Directive in Energy Performance in Buildings.
In order to assure energy efficiency and energy savings in new and existing buildings, firstly 
it is essential to define the basic requirements of energy planning in buildings. These 
requirements evaluate the buildings’ energy efficiency based on the buildings’ construction 
characteristics, the electric and mechanical installations and the assessment of possible 
failures in the application o f the changes required by the Law. The evaluation talces place in 
new and existing buildings over lOOOm  ^ for residential and tertiary sectors (Regulation 
3661/2008, Articles 4&5). In addition, it replaces the old regulation on insulation in 
buildings with the more recent in Article 13 of Regulation 3661/2008, In the evaluation, the 
buildings’ energy profile needs to be described since every building should be in the energy 
category B, as it is stated in the EU Directive. In order to define the energy profile, 
information such as the buildings’ energy bills is required, along with other information that
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is described below in the energy auditing section of the regulation. Furthermore, the 
evaluation of the building’s energy efficiency concerns the position and orientation of the 
building along with the climate conditions of the area in which it is located. Moreover, it 
refers to the systems of hot water, heating and cooling as well as lighting and indoor-outdoor 
temperatures. For the calculation o f the building’s energy efficiency, the ‘hourly step 
method’ is used or alternatively, the 18013790:2008.
3.3.2 Operational process in the Law 3661/2008
ISO 13790:2008 calculates the energy use required for space heating and cooling in a 
residential or tertiary building on an annual basis. This method includes an assessment of 
heat transfer by transmission and ventilation o f the building in constant internal temperature 
and the annual energy needs for heating and cooling in order to maintain the indoor 
temperature of the building. Moreover, ISO 13790:2008 gives hourly schedules, such as 
temperature set points, ventilation modes or operation schedules of movable solar shading. 
The calculation procedures in ISO 13790:2008 are restricted to sensible heating and cooling 
(International Organization for Standardization, 2008).
ISO 13790:2008 is applicable to buildings at the design stage but also to existing buildings. 
The input data should be directly available from the building files or the building itself. If 
this is not the case, it is explicitly stated at relevant places in ISO 13790:2008 that it may be 
decided at national level for information to be obtained fiom other sources. In this case, the 
user has to report the type of input data used and specify the source taken from. Normally, 
for the assessment o f the energy performance for an energy certificate, a protocol is defined 
either at national or regional level, in order to determine the type of sources of information 
(International Organization for Standardization, 2008).
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This method is a new intervention for the Greek Legislation for Buildings. However, this 
method is not a new for other countries that have been following the Directive for Buildings 
since its start year in 2002. Sweden and Finland have used this method effectively to 
calculate their buildings’ energy demand for heating and cooling (Johansson, 2003; 
Jokisalo, 2007). The hourly step method is a quite straightforward. The simplicity of this 
method facilitates its use and with the appropriate information and data, it could provide 
significant and useful results. Despite its simplicity though, it is necessary to mention that 
the required data should be provided from appropriate public or governmental authorities, if 
not from the building owners/managers. This requirement facilitates and speeds up the 
process of calculating the energy balance of the building and therefore the results could 
offer fast and effective suggestions and alterations for the buildings (Zweifel, 2007). 
Switzerland is another example that has proven that the step method was effective since the 
appropriate information was provided easily (Zweifel, 2007). The difficulty in applying a 
simple method like this one in the Greek building sector lies in the fact that these required 
data are not available in Greece. It would be more accurate to say, that if  this information 
was available or accessible for the people that follow this approach, some changes in the 
current profile of the buildings would have occurred. In other words, the barrier for applying 
this method is not its complicated use but its lack of the appropriate information for its 
application, something quite customary in most energy information requirements in Greece. 
Therefore, it is essential not only to train people on how to follow the standards but also to 
give them what they require in order to apply them (Johanesson, 2003). Hence, other cases 
indicate that even if  this method is new to Greece and no previous action has been 
considered for energy auditing in buildings at national level before, it Is still crucial to 
follow the countries that have previous experience in these issues. The above cases indicate 
that it is of outmost importance to engage appropriately trained people that would do the 
energy audits in the buildings. If people were appropriately informed about the benefits of
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this process, then they would request the auditors to inspect their facilities beforehand. As 
Chapter 8 shows for this project, the hoteliers requested a trained person that would provide 
them with details on their facilities’ energy performance, as well as advising and proposing 
what improvements could be made. This indicates that the engagement o f the government 
and its relevant institutions at this stage is crucial. It would hire the appropriate personnel 
for the energy audits and at the same time provide information to the people about the 
benefits of this process. Since this whole procedure is new for Greece, appropriate examples 
from other countries can be used to draw useful and transferable lessons.
3.3.3 Energy categories and energy limits
Another important part included o f Law 3661/2008 is the limits that define the energy 
consumption and performance of buildings. According to the energy consumption required 
for heating, cooling, hot water and lighting, the buildings’ energy limits ai’e specified from 
A to H. In order to set these limits, two indicators are required. Rs is the indicator of energy 
consumption (EC) of the total number of buildings (or category of buildings). Rs, is equal to 
50% of the final energy consumption of the number of buildings, or the number of buildings 
in a selected category. The second indicator, R, sets the maximum allowed energy 
consumption of buildings. Both indicators Rs and Rr refer to the buildings’ total energy 
needs for heating,, cooling and hot water. Therefore, these limits could specify the maximum 
and minimum energy consumption of each category of building and in turn show in which 
energy category the buildings belong. In this way an immediate indication o f the buildings’ 
good or bad energy performance is provided. The energy limits per category are displayed 
in Table 3.1.
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Table 3.1: Energy Limits per category as defined in Regulation 3661/2008
Energy Category Energy Limits
EC<0.33Rr
0.50 R,5EC<0.33R,
0.50 Rr< EC<0.75Rr
0.75 R,< EC<Rr
Rr<EC<0.50(R,+R,)
0.50(Rp+R,)<EC<Rs
Rs<EC< 1.25Rs
l.25Rs<EC<l.50Rr
1.50R,^EC
(Source: M inistry o f  D evelopm ent, 2008)
In order to define the above values, information about energy consumption and use of 
buildings along with their location, were taken into consideration. From this information, the 
indicators Rr and R, were defined. In addition, indicator Rr is 75% of indicator R, The 
definition of energy limits would categorise the buildings not only by their type but also by 
their energy performance. In that way, the buildings with low energy performance would be 
identified and further action would be taken. It is better to first identify the urgent cases that 
require immediate changes. For each type of building there are different indicators that 
define the energy category of the building. For that purpose, the total Greek building stock is 
divided in 12 categories according to their services offered. The categories are displayed in 
Table 3.2.
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Table 3.2; Categories of buildings according the Regulation 3661/2008
Category/Use
Offices
Schools
Universities
Hospitals- Clinics
Private practices- Medical Centres
Hotels
Commercial buildings
Athletic facilities
Athletic facilities with indoor swimming pools
Houses
Apartments
Airports
(Source: M inistry o f  D evelopm ent, 2008)
After taking into consideration these 12 categories as well as their location along with the 
climatic zones where they belong, their use and their final energy consumption, the energy 
limits were calculated. According to the Regulation, all new buildings and retrofitted ones, 
larger than lOOOm  ^must be at least between the limits of category B, as set in Table 3,1. The 
following Table 3.3 displays the energy limits for Greek hotels.
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Table 3.3: M aximum and M inimum values of energy consumption in G reek Hotels
1 1 A B C D
EC<55 EC<65 EC<75 EC<85
55<EC<80 65<EC<95 75<EC<nO 85<EC<125
80<EC<120 95<EC<140 110<EC<165 125<EC<190
120<EC<160 140<EC<190 165<EC<220 190<EC<250
160<EC<210 190<EC<220 220<EC255 250<EC<295
210<EC<265 220<EC<250 255<EC<290 295<EC<335
265<EC<330 250<EC<315 290<EC<365 335<EC415
330<EC<395 315<EC<375 365<EC<435 415<EC<500
395<EC 375<EC 435<EC 500<EC
(Source: M inistry o f  Developm ent, 2008)
3.3.4 Energy auditing according to Law 3661/2008
In order for the appropriate information to be collected from new or existing buildings and 
define their energy performance and limits as described above, it is essential to conduct 
energy audits. People that have the appropriate knowledge on buildings’ installations should 
carry out the audits and they have appropriate license from the Ministry of Development. 
The number of auditors and the time spent in each building depends on the buildings’ 
electro-mechanical installations and its size. The type of equipment and installations used in 
the buildings are also significant. The energy auditing will evaluate the energy category of 
the building. For that purpose, the energy auditing develops in the following stages.
In the first stage, the geometrical characteristics of the building are considered. This means,
that the auditors record the size of all the areas of the building, the size and the width of the
walls and the condition o f them, along with the types of ventilation systems used in each
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area of the building. In the second stage, the auditor has to gauge and record of the thermal 
characteristics of the building. These characteristics refer to the type of the construction, the 
materials used for the building’s construction and the types of insulation used.
In the third stage, the possibility o f any energy losses in the building is examined. In 
addition, the levels of humidity in the buildings are tested in order to evaluate its effect on 
the walls. At the final stage, all the information collected is given to the appropriate 
department o f the Ministry o f Development in order to keep a record for all the buildings 
that are audited. At this point, it is essential to note that these steps mainly defined the type 
o f data collection. As analysed in Chapter 4, the main tool to collect the data was 
questionnaires. The questions included, were based on information that is collected from the 
energy auditing process.
The collected energy data are then processed and evaluated. This process shows in which 
category the building is clustered. After that, the auditor will create and distribute to the 
building’s owner, the Energy Certificate for the Building’s Energy Performance. As already 
described in the EU legislation section, the lack o f energy data would delay any process and 
could therefore change the buildings’ energy performance. The process of energy auditing 
though is a straightforward method for the appropriately trained people. If the audits were 
conducted as described, then the data would be easily collected and therefore the process for 
energy certification and labelling of the building would be facilitated. The success of the 
Regulation 3661/2008, despite its late release, is that it gives specific information about what 
needs to be done for effective changes in buildings, with very detailed steps for the whole 
process.
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3.3.5 National Action Plan for Reduction of greenhouse gas emissions
The Greek National Action Plan for Reduction of GHG emissions for the period 2000-2010 
includes a number of measures in order to support the improvement o f energy performance 
and the reduction of energy consumption and emissions in various sectors.
The National Action plan was developed in 2002. It defines the policies and measures that 
Greece needs to follow in order to meet its Kyoto target. The main actions concern further 
penetration of natural gas in all final demand energy sectors as well as in electricity 
production, including co-generation. It also refers to the electricity and heat generation using 
renewable energy sources along with implementation of energy efficient measures in 
industry and finally to the residential and tertiary sectors (Ministry of Development, 2005). It 
is important to note that in this action plan more attention is given to the development of 
renewable energy projects and less to energy efficiency. As discussed in the following 
section, the National Action plan for Energy Efficiency gives more emphasis to energy 
efficiency measures.
Moreover, detailed measurements for buildings suggest:
• Changes on the walls’ insulation,
• Changes on the installation of double-glazing
• Maintenance and alterations to the heating and cooling system or replacement where 
needed, installation of roof fans and use o f more efficient electrical devices
• Promotion of renewable energy technologies, (primarily the use of solar systems, 
photovoltaic and biomass is included) (Ministry of Development, 2005).
The implementation of the above actions could contribute to the reduction o f greenhouse gas
emissions in the residential and commercial sectors by decreasing fuels used in various
services, as well as supporting the penetration of “clean” fuels such as natural gas and
renewable energy sources. This Action plan proposes measures addressed to services and not
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to each sector. This type of suggestion is more difficult to implement since the end-users per 
sector would not know what is appropriate for their facilities. Tables 3.4 and 3.5 describe the 
measures included in the National Action Plan.
Table^3^j4^Measiu^es^addre«^^
■ Central Heating Systems services 
and audits
■ +10% of energy savings (if 16% level of penetration)
■ Central Heating Systems 
Replacement
■ 41 ktoe of thermal energy savings
■ 130 ktn of CO2 emissions savings
■ If 4% is the level of penetration then: 
-19 ktoe of energy savings
- 61 ktn of CO] savings
■ Thermal Insulation
■ 5ktoe of electricity
■ 57ktn of CO2 emissions savings 
20% level of penetration
(Source: Ministry of Development, 2006)
The existing literature on research about the energy performance in Greek hotels, has 
verified that current heating systems in hotels are quite old, resulting in energy losses 
(Agyriou, 1996, & Balaras, 2007). The proposed measure will set services and audits in 
central heating. With this action, it is estimated from the Ministry of Development (2006) 
that 41 ktoe of thermal energy and 130 ktn of CO2 emissions reduction could be achieved in 
the tertiary sector. In this measure the replacement in central heating is also included in order 
to prevent thermal and energy losses. If only a small percentage of approximately 4% of 
hotels apply this measure, then the energy savings in the whole tertiary sector might be 19 
ktoe with 61 ktn of CO2 equivalent (Ministry o f Development, 2006).
Furthermore, the Greek Action Plan includes suggestions for the reduction of air- 
conditioning use in hotels. The use o f appropriate ‘envelops’-covers in the walls, along with 
systems that offer protection from the sun during the summer could contribute to that. 
Reducing with that way, the energy losses of the building as well. An approximation of 
savings is around 5 ktoe of electricity which in environmental terms is 57 ktn of CO2
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emissions. The level of penetration in the hotel sector is estimated in 20% by 2010 (Ministry 
of Development, 2006).
^aM e^^5_M easures^ddressin^^o^uildingsjn^^
■ Energy efficiency and thermal 
insulation
■ 20-50% of energy 
savings in tertiary buildings
■ 2ktoe of thermal savings
■ 1 ktoe electricity savings
■ 11 ktn of CO] emissions reduction
■ 5% level of penetration
■ 26ktoe electricity savings
■ Energy efficient equipment
■ 291 ktn of CO] emissions reduction
■ 19-37% level of penetration 
27% of electricity savings -134ktoe
1467 ktn CO] emissions reduction
■ Efficient lighting ■ 37% level of penetration in tertiary sector
■ 20% of energy savings
■ 2ktoe of electricity savings
■ 23 ktn of CO] emissions reduction
■ Automatic lighting ■ 5% level of penetration
10% of the buildings energy demand
■ Biomass technologies
■ 200MW,h installations in buildings by 2010
■ 318 ktn of CO] emissions reduction
■ 3ktoe of thermal energy savings
■ Solar collectors for heating and 
water
■ 115ktoe electricity saving
■ 1258ktn CO] emissions reductions
■ Solar panels for electricity ■ 5MW installations in tertiary buildings
■ 1 ktoe electricity savings
■ 8ktn of CO] emissions reduction
■ Natural Gas ■ 15% level of penetration in tertiary buildings
■ 11 ktoe of thermal energy savings 
82ktn CO] emissions reduction
(Source: Ministry of Development, 2006)
Thermal insulation could improve the buildings’ energy efficiency. This kind of action could 
give 20-50% of energy savings in the tertiary sector. Additionally, it was estimated that by 
2010 there would be a 5% penetration in non-insulated buildings of the commercial sector 
(Ministry of Development, 2006). However, the Ministries of Development and 
Environment have not confirmed the progress of the plan.
The use of energy efficient electrical equipment could save 26 ktoe of electricity and 291 ktn 
of C 02 equivalent in tertiary sector. Approximately 19-37% of energy efficient electrical 
equipment will be used in the tertiary sector by 2020 (Ministry of Development, 2006). It is
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ail easy and very straightforward measure, offering the reduction o f energy costs in 
buildings, making it attractive to the building owners and users (Ministry of Environment 
and Climate Change, 2009). If this type o f equipment were used from the beginning o f the 
adoption of the Plan, then there would be significant reductions in final electricity 
consumption. However, even if it were applied, it could not be identified, since no prior 
audits have taken place before or after their installation. Thus, there is no information which 
verifies the application or not o f electrical efficient equipment.
Another important aspect is the use of efficient lighting in buildings. Efficient lighting, could 
lead to around 27% of electricity savings when efficient bulbs are used instead of the 
conventional type. Again, this measure is very easy to apply and over the past 2 years the 
building sector appears to use efficient rather than the conventional ligliting (Ministry of 
Environment and Climate Change, 2009). Additionally, the use o f automatic lighting- lights 
that switch on and off when detecting human presence- could give 20% of energy savings or 
2 Ictoe of electricity savings and 23ktn of C 02 equivalent. The level of penetration by 2010 
is estimated by 5% in the tertiary sector. Again, the Ministries of Environment and 
Development have not confirmed this estimate. These measures are also applied in the 
scenario development o f hotels as they are included in the National Action Plan for Energy 
Efficiency. The data analysis demonstrates a significant decrease in the lighting services 
from the use of efficient lighting and systems which control lighting usage. Efficient lighting 
has started being used mainly after the year 2005 as shown in the data collection for the 
selected sample of hotels of the project.
Moreover, the use of solar energy and solar collectors has been the dominant source of 
renewable energy used in buildings the past 10 years in Greece. In particular, the use of 
solar collectors for water and space heating are the most popular for use in buildings. It is 
expected that by 2010 the installation of solar collectors would cover 10% of energy demand
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in buildings o f tertiary sector. The implementation of this measure could lead to the 
achievement of 115 ktoe of electricity savings along with 1258 Ictn of C 02 reductions from 
the tertiary sector (Ministry of Development, 2006). In addition, roof top solar panels are 
regarded as the most appropriate systems to convert solar energy to electricity. The 
installation of 5MW of solar panels in buildings in the tertiary sector by 2010 is expected. 
This measure could give electricity savings by 1 Ictoe and 81ctn of CO] reductions (Ministry 
of Development, 2006).
The use of biomass for heating is a new technology that can be used in buildings. These 
technologies give quite high-energy savings and emission reductions. This measure also 
gives 3 ktoe of savings in thermal energy along with 318 ktn reduction of CO] emissions, if 
by 2010, 200MW n, are installed in buildings (Ministry of Development, 2006; Ministry of 
Environment and Climate Change, 2009). Lastly, the level of penetration of natural gas 
plays an important role in buildings’ energy consumption. The installation of systems for 
heating with natural gas has continued to expand the past five years. It is estimated that by 
2010, 15% of tertiary buildings would use natural gas for heating, having an approximate 11 
ktoe of thermal savings with 82 ktn C 02 reductions (Ministry of Development, 2006). It is 
important to note that the use of biomass for heating in buildings, even if  it is beneficial, it is 
not yet widespread. On the other side, the use o f natural gas has increased in buildings, but 
only to those that are located in Athens or Thessaloniki, since there is available supply of 
natural gas and infrastructure for its use.
The measures analysed previously, are used in the scenario development in Chapters 5,6 and 
7, and comply with the updated version of the National Action Plan for Energy Efficiency. 
As elaborated in Chapters 5, 6 and 7, this plan could offer some significant reductions in 
energy consumption and reduction o f environmental effects from buildings.
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3.3.6 National Action Plan for Energy Efficiency
This plan is the first on energy efficiency action and it derives from the Directive 
2006/32/EC for energy efficiency in services. A series of reports will follow by 2016 as set 
by the Directive 2006/32/EC. The plan sets specific targets for improvement o f energy 
efficiency of all sectors and important energy savings by 2016. In order for the overall target 
to be achieved, the tertiary sector needs to have 5715 GWh reduction in energy consumption 
by 2016. The measurements for tertiary sector that are included in the plan and used in the 
scenario development are shown in the following table along with possible amounts of 
energy savings by 2010 and 2016.
This Plan is better structured since it is based on the EU Directives and EU Action Plan. It 
has been developed from analysis of the previously analysed Directives and unlike the 
previous plan, it will be evaluated every two years. This would give the potential to examine 
the effectiveness o f the measures in each sector and where necessary to change them. In 
addition, the five-year validation period would give the possibility to update it sooner than 
the previous one that had to be updated after ten years. Table 3.6 shows the measures that are 
proposed for the tertiary sector. It deals with buildings in the commercial sector and hotels 
which are part o f this sector.
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Table 3.6 Energy measures included in the National Action Plan for Energy efficiency
Sectoral Measurements Energy Savings by 2010 
(GWhl
Energy Savings by 2016 (GWh)
SMI. Energy efficiency in 
buildings of the tertiary sector
375 1125
SM2. Further penetration of 
natural gas and LPG
230 36
SM3. Energy labelling of 
electrical equipment
995 2426
SM4. Energy management 
systems in tertiary sector
150 1000
SM6. Meters to control 
electricity consumption and 
natural gas
80 800
SM7.Co-generation systems for 
electricity and thermal savings
180 523
SMS.Compulsory installation 
of central thermal-solar 
systems in buildings over 
lOOOm^
10 250
(Source: M inistry o f  D evelopm ent, 2008)
The joint implementation of the measures included, could contribute by 30% to the tertiary 
sector in its total sector. Furthermore, it is estimated that overall implementation of the 
measures included in the plan in all sectors, energy savings could be 9% by 2016 could be 
made (Ministry of Development, 2005). For each one of the measurements a specific target 
has to be reached. Namely, for natural gas penetration, it is expected that the level of use 
would be around 20% in buildings in the tertiary sector by 2020. Moreover, energy labelling 
and use of energy efficient equipment are very important for the reduction in energy 
consumption in buildings. It is aimed at establishing the use of electric appliances with 
maximum energy efficiency (A, A % A^^), efficient lamps, all kind of electric appliances and 
heating as well as cooling appliances. The objective is to bring into service, efficient electric 
and mechanical equipment in order to achieve set targets of 5% of energy savings in 
buildings by 2010 and 15% by 2016 (Ministry of Development, 2008).
6 1
In the selected sample, as discussed in Chapters 5, 6 and 7, hotels include only efficient air- 
condition and in few cases electrical efficient mini-bars in the rooms. Again, the level of 
information about new equipment is low which is why there is a request from end-users for 
appropriate trained staff to inform them.
Furthermore, the installation of energy management systems mean to control electricity and 
natural gas consumption, could bring 5% of energy savings in final electricity and thermal 
consumption per building. For the private sector, these systems could be ISO 14000, EMAS, 
EMS, HACCP; a part of them could be used for energy management in buildings (Ministry 
of Development, 2008). For the measurement on installation of central solar thermal systems 
in the tertiary sector, buildings larger than lOOOm  ^ could be autonomous in hot domestic 
water and heating capacity. The installation of central thermal solar systems in new buildings 
is compulsory. This measure could cover 55-70% of the annual load depending on where the 
building is located (Ministry of Development, 2008). It is important to note that for the 
selected sample of hotels in this project this technology was not used. This reveals that 
hoteliers ignore its effectiveness in reducing energy consumption and energy costs. As they 
stated, they require an expert to tell them what is appropriate to be used in their facilities and 
also to assure them about the effective provision of heating and hot water as they appear to 
be skeptical about its use. In addition, the measure proposes the installation of meters to 
control the energy consumption in a building. This could in turn inform the users about the 
amount of energy consumed. Changing attitudes on the operation of a building could also 
lead to lower electricity consumption (Ministry o f Development, 2008). This measure is 
important, as it is the first time that a measurement has been put forward to control and 
engage people in rational use of energy. As noted in the previous section, the National 
Action Plan and the Plan for Energy Efficiency in Greece are at some point connected, since
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the measures are updated between the two documents. Despite the lack of commitment 
towards its end-users, the Plan for Energy Efficiency could be significantly effective.
3.4 Conclusion
This chapter illustrated the existing policy framework for buildings in Greece and Europe. 
The EU legislation considered in this project is the EU Action Plan for Energy Efficiency, 
the three Directives for Energy Performance in Buildings, for Energy End-Use Energy 
Efficiency and Energy Services as well as for Eco-Design requirements for energy using 
products. All these three are included in the Action Plan for Energy Efficiency, in order to 
achieve the target for 20% reduction o f energy consumption by 2020. Based on the EU 
Action Plan and the Directives included in it, the Action Plan and Regulation 3661/2008 
were developed. The EU Directive 2002/91 on the energy performance of buildings became 
part o f the Greek Legislation by the end of 2006. The government launched the 
aforementioned plans, with measures in order to limit CO] emissions in all sectors, including 
the building sector. Moreover, these measures established minimum energy standards for 
new and existing buildings, energy audits and energy labelling of buildings according to the 
Directive 2002/91/EC. EU energy efficiency standards legislation has been developed 
according to the Greek situation, while figures for A- and A+ rated equipment are not 
available. Furthermore, it is necessary to mention that there are no domestic standards for 
energy consuming equipment o f Greece (lEA, 2006). The Greek framework is mainly based 
on the European framework, with adjustments pertaining to national conditions. The new 
Law 3661/2008 for Energy Performance in Buildings is the first of its kind to be introduced 
in the country that include specific methods and processes that need to be followed from the 
appropriate staff in order to evaluate the energy performance in Greek buildings. This new 
Regulation proposes lower and upper bound energy limits for each category of buildings. 
However, it is important to argue about the appropriate set limit to each category, since there
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are no previous energy data of Greek Buildings in order to compare the current energy 
performance with previous one and draw conclusions for each type of category let alone 
identify where more effort is needed. The way to overcome this uncertainty about the policy 
framework and the possible gaps is to learn from examples set by other countries that have 
applied similar regulation. This process could be very useful for Greece, since an existing 
and tested strategy could be applied with appropriate adjustments to the Greek energy profile 
and situation. The measures included in the Greek Action Plan for GHG emissions reduction 
were used in an updated form in the national Energy Efficiency Action Plan. This second 
Plan is considered to be more effective since the measurements are meticulously referring to 
each sector, with an evaluation every two years. The updated measures of this plan are 
considered for the scenarios development. These two plans even if they are not compulsory 
and not very popular in terms o f implementation, they could be proven as very useful for 
significant reductions in energy consumption and emissions, since they are the main 
documents proposing suggestions for reducing energy consumption and emissions. The 
assumptions for the development of the three energy scenarios are based on the Greek and 
EU legislative framework and they are displayed in Chapter 4. Following the presentation of 
these assumptions, three energy scenarios are developed for a selected sample of Greek 
hotels to assess their effectiveness on this sector.
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Chapter 4: Research Methodology and Data Collection
In this chapter the research methodology and data collection methods are presented. The 
research methodology consists of two parts; the quantitative and the qualitative part. The 
quantitative part is used to analyse energy information from 43 hotels, and then applied to 
the development of energy scenarios. The tool used for the scenario development is the Long 
Range Energy Alternative Planning (LEAP), which is often used to provide a comprehensive 
idea of how energy is consumed, converted and produced in an energy system (Stoclcholm 
Environment Institute, 2010). All the energy information required for the scenarios 
development in LEAP were collected through surveys. For the qualitative part 10 of the 
hoteliers, who had participated in the quantitative part o f the research were interviewed. 
These interviews elaborate on their perspectives of the existing policy and their position on 
the possibility of implementing energy efficiency and renewable technology initiatives in 
their facilities. Furthermore, the interviews reveal the link between the results occurring from 
the quantitative part, with the hoteliers’ attitudes with respect to energy use in their facilities. 
Finally, through the interviews the hoteliers evaluate the results of this project and give their 
feedback on the findings as part of the effort to evaluate the applicability of its findings in a 
real world context.
4.1 Research Methodology
Two types o f research methodologies aie applied in this project; the quantitative and the 
qualitative. Each serves a rather different purpose. In several projects, both types of research 
are used, as in this project too. The following sections present the two types applied by 
identifying the purpose in this research.
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4.1.1 Quantitative research methodology
Quantitative research refers to the systematic investigation between quantitative properties 
and phenomena that pertain to them. The main objective in quantitative research is to 
develop and apply mathematical models and hypotheses to these phenomena (Davies, 2007). 
The process o f measurement and analysis of data is key to quantitative research, since it 
links the empirical observation from the selected phenomena with mathematical expressions. 
Specifically, the data collection in quantitative research is based on figures whereas the data 
analysis is based on numerical interpretations and statistical analysis (Neuman, 2006). 
Therefore, in this project, the quantitative part aims at exploring the energy trend of a 
selected sample o f Greek hotels and at examining the impact of different policy scenarios 
have overtime. In addition, quantitative research is used to compare the numerical data of the 
research, in order to draw as much information as possible. The numerical interpretations are 
normally analysed in computer-based software, which generate numerous charts. The 
analysis of these charts, along with the background laiowledge on the selected topic, would 
help to answer the research question (Neuman, 2006). In this project SPSS is used for the 
statistical analysis, which demonstrates the factors that affect most o f the energy 
consumption in hotels. Results from the quantitative part of the research are explored in 
chapters 5 to 7.
However, quantitative research cannot analyse the hoteliers’ attitudes and opinions in 
applying the measurements o f the policy framework which explains why the qualitative 
approach is essential to elicit their views and preferences. This is examined in Chapter 8 .
4.1.1.1 Research type
The types of quantitative research are the experimental research, the non-reactive research
and the survey research. This research project uses surveys in order to collect the appropriate
energy data (see Appendix IT Survey research aims at collecting information about a topic
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using surveys (Gray, 2007). In order to collect the required information, some steps are 
followed which include the formulation and definition of the research objectives, the type of 
data, the questionnaire construction, the sampling method and the process for data analysis 
(Gray, 2007). More specifically, this project uses the survey research in order to meet the 
main objective which is to explore and elaborate on the energy profile of a selected sample 
of 43 Greek hotels. These data are used later on for the development of scenario analysis. 
The data are numerical expressions of the energy consumption and of all fuels and 
equipment included in each facility. In order to collect this detailed information, the data 
collection process had to be listed in questions that would facilitate the respondents to give 
real and precise answers. Therefore a detailed questionnaire was compiled including all the 
required fields that would be the foundation for the development of the data analysis that 
follows in the scenario analysis.
4.1.1.2 Research Design and data collection
One important part that had to be defined before the distribution of the questionnaires was 
the design of the survey. The survey design defines if  the data collection process will be used 
in one or multiple stages. For this work, the survey design is cross-sectional which is a 
single and unrepeated process (Gray, 2007). Cross-sectional survey is a type of survey 
design that collects data from a population in a specific time. Although the process was 
completed in one stage, the duration of data gathering from all the hotels was completed 
within 15 months. This survey design aims at identifying the effect that different factors 
have within the same population. In this case, the year of data collection is 2007, and it is 
aimed to examine the effect o f factors such policy measures in hotels of different categories.
For the scenario development, the energy data for the base-year 2007 are collected. This 
process required, partially data of the energy bills of each facility and the energy capacity of
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the existing equipment, along with the length of use in different seasons during the year. 
This information is collected only once. The cross-sectional survey is used in this research 
project, through which a detailed picture of energy use in hotels could be drawn including 
the variables that are responsible for the amounts o f energy consumption in the hotels. The 
importance of this type of research design is that a single survey could be a representative 
portrait of all the population that is examined (Gray, 2007). In this project each hotel 
represents the wider population that they belong to. Chapters 5, 6 and 7 analyse the end-use 
of the 43 hotels/cases which are classified according to their category. In addition, the cross 
sectional survey facilitates the process o f making suggestions on how to improve energy use 
in hotels, since the collection of detailed information display the areas where alterations for 
less energy consumption are mostly necessary (Gray, 2007). For that purpose, a 
questionnaire has been constructed in order to collect the information that would best 
describe the energy profile o f hotels and the energy consumption in different areas and 
services in them. The process of the questionnaire compilation is described below.
4.1.1.3 Questionnaire construction
The questionnaires were sent to 50 hotels, having responses from 43 and the data collection 
was completed in 15 months. The questionnaire had to be developed in Greek, in order to 
facilitate the process in communicating it. This process would be difficult if it was in 
English, since some of the hoteliers possibly would not speak the English language. This 
would make the response rate more difficult.
The questionnaire is self-administered paper-based. This type o f data gathering has been 
chosen because not only it allows the respondents to complete the form on their own time, 
but also no pressure to provide an immediate response is put (Cressewel, 1998). The second 
reason for the choice of this type of data gathering is the cost. Since many hotels are located 
in remote areas, the researcher would have to travel to distant areas which would be not only
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costly but time consuming as well. At this juncture, it is important to note that the paper- 
based questionnaire has a major disadvantage (Gray, 2007).
Taking into consideration the fact that the respondent does not feel the ‘’pressure”  to reply 
to the questionnaire, as s/he would feel if the interviewer was present, it could be easily 
deducted that the questionnaire is likely to be ignored (Gray, 2007). To avoid such a 
reaction, the researcher made contact with the hoteliers or managers to inform them in 
advance about the research and then sent the questionnaire.
4.1.1 A  Questionnaire formulation
Before starting with the description o f the questionnaire formulation, it is necessary to 
present the steps followed for the selection o f questions. The energy management literature 
is the main source for the questions selected. According to Capehart (2003), energy 
management, aims at maximizing profits or minimizing costs. It includes improvement in 
energy efficiency and consequently reduction of energy consumption and costs in the 
facility. In addition, energy management includes the development, maintenance and report 
of energy strategies and their effective use, through a well-organized energy audit of the 
system examined. Energy auditing process requires information on energy demand and 
consumption, technical characteristics, energy services offered and fuels consumed in the 
facility (Capehai't, 2003). According to the type of the system audited, in this case hotels, 
several additional information would be required. Specific to hotels, occupancy rates are also 
considered, the number of rooms, services such as spa or gym facilities are part of the data 
collection. Therefore, the questions included in the survey have been selected and defined 
from the main steps of energy auditing as part of energy management in buildings.
In this section, the type of questions most often used in survey research and the general rules 
for determining the formulation of the questionnaire is expressed. Firstly, the selection of the
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questions aims at getting the appropriate responses to the research questions of the project. 
In this survey, the first part o f the questions concerns the facilities’ technical characteristics, 
such as year of construction, size, number of rooms and category. The second pai t deals with 
information that shapes the hotels’ energy profile. This information is about the use of 
electrical equipment, electric capacity o f equipment, the amount of fuels used on an annual 
basis and on what they are used for, the lighting capacity, the existence or not of efficiency 
techniques and the implementation or not of renewable energy technologies (Bailey, 1998).
The wording needs to be accurate and framed in a direct way, in order to avoid misleading 
the respondent and guide him/her to understand what s/he is asked. The vocabulary used 
needs to be simple and carefully chosen without any terminology used to avoid confusing the 
respondents (Bailey, 1998).
An important element in a questionnaire is the introduction, which explains what the study is 
about and what the aims and possible outcomes o f the study are so that the respondent could 
understand the value o f the research. In addition, if  the study is linked with a sponsor or 
organisation that is known and trusted in the public domain, it should be mentioned in the 
introduction. This would also increase the validity and the rate response (Davies, 2007). In 
this project the introduction expresses the purpose of the study, the university that supports 
the research, the use o f the collected data and also the assurance that confidentiality of the 
data would be kept.
4.1.2 Qualitative research methodology
Qualitative is the research that explores and makes a phenomenon visible. It sets the 
researcher in the world and assists him/her in understanding sociological and theoretical 
phenomena that need interpretation (Davies, 2007). According to Creswell (1998) the main 
characteristics of qualitative research involve an exploratory and descriptive focus of a
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selected topic and the development o f an emerging research design that would address the 
selected research questions. In addition, the data collection in qualitative research, takes 
place in a natural setting that gives emphasis on ‘’human-as-instrument”  (Creswell, 1998). 
This means that this type o f research uses a naturalistic and interpretive approach to the 
world. Researchers explore things in their natural settings, aiming at explaining them in a 
way that people could understand and fit them in meanings they are familiar with (Davies, 
2007). In addition, it involves an ongoing and inductive analysis that describes the topic. 
Moreover, qualitative research tends to create new concepts and give emphasis in developing 
theoretical interpretations (Creswell, 1998). Finally, it elaborates on the attitudes and 
opinions of a selected sample of hoteliers and in turn examines their opinion on the policy 
implementation on their facilities and their effectiveness.
Researchers that work with qualitative analysis do not focus on a specific research question, 
but they consider a whole theoretical and sociological context. This theoretical and 
sociological concept is analysed through a series of representations, including field notes, 
interviews, conversations, photographs and recordings (Denziii, 2003). The process of 
qualitative research requires the design of the study, data collection, data analysis and data 
interpretation (Neuman, 2006).
4.1.2.1 Research type
The types of qualitative research include the biography, the grounded theory, the 
ethnography, the case study and the phenomenology (Cresswell, 1998). In a case study, the 
researcher should identify the case and the system on which the study would take place. This 
would be achieved by the recognition of the possible candidates that would talce part in this 
study, the type o f the selected cases and the consideration of whether a single case or 
multiple cases would be examined (Creswell, 1998). This type of research approach is 
relevant for this research since ten of the 43 cases are elaborated individually. The possible
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candidates for this are the hotel owners or managers. Their opinions about their facility’s 
energy profile, as well as the perspectives in possible application o f technologies that could 
reduce energy consumption in their hotels, are also analysed through interviews with open- 
ended questions.
4.1.2.2 Data collection
The purpose of the data collection through the interviews is to understand hoteliers’ 
behaviours and their attitudes in the implementation of energy and environmental initiatives. 
Thus, the interviews should include questions that would help to define their perspectives 
and identify the possible learning pathways for them in order to improve energy performance 
in their environment/facility. Specifically, the importance o f this issue has been identified in 
several literatures. Vgotslcy (1962) identifies the necessity in constructing an appropriate 
theoretical framework, based on which individuals would understand their ‘world’ and 
following to that, they would be familiar with new experiences (Vgotsky,1962). Using this 
theoi'y as a basic element, the questions of the interviews should have as main aim to make 
hoteliers to understand how their facilities operate and what changes should be done in order 
to improve their energy performance. Through these interviews the ‘learning process’ in 
hoteliers’ towards energy efficiency would be enabled offering at the same time lessons and 
improvement of the policy framework through them. In addition, it is essential to understand 
their behaviours since it plays an important role in identifying the level of Imowledge, 
awareness and their view of how necessary they believe these policy- interventions could be 
for their facilities. This is considered to be necessary for investigating the lesson, since this 
underlies the actual change (Darby, 2006).
The interviews are used in order to answer one of the main research questions for hoteliers’ 
attitudes. According to Benney and Hughes (1970), interviewing is the tool that social 
scientists mainly prefer. Interviews concern mainly a group of respondents or specific
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subjects. In addition, interviews in qualitative research are characterised as nondirective, i
unstructured, non-standardised and open-ended depending on the type of the project (Taylor,
1998). With the open-ended interviewing, the researcher here could link the energy 
consumption in chapters 5, 6 and 7 with their attitudes that are expressed in Chapter 8. The 
open-ended types of questions used here would also evaluate participants on their 
willingness to apply the existing energy policy framework, and explore the impediments 
they may face in following the policy framework. In addition, the outcomes from the 
interviews will justify why the results o f the research aie as displayed, which could provoke 
a wide range of responses (Gray, 2007), enabling us to map out the range o f attitudes with 
respect to
the application of the existing policy. Since the questions have an informative character, the 
researcher not only tries to understand the hotel owner’s opinion but also tries to inform 
them on this specific issue by using the results from the quantitative data analysis. Under this 
perspective, open-ended questions fit more naturally to the conversation and the respondents 
feel more comfortable expressing their opinion and ideas, along with their concerns about 
the specific issue, such as the improvement o f energy consumption in their facility (Gray,
2007).
4.1.3 Triangulation
The combination of two methods in a single study is defined as triangulation. With
triangulation, the researcher has the opportunity to gain a deeper and clearer understanding
of the topic examined (Denzin, 1978; Patton, 1990). After the data analysis has been
completed and the results have been generated, it is interesting to weigh the respondents’
insight and opinion on the findings. In this project, the researcher explored the hotelier’s
positions in order to understand their attitudes and obtain an idea on the possibility for this
work to be applied in the Greek hotel context, as described above.
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Specifically, the role of qualitative methods revealed a unique approach that would have f
I
been definitely neglected if using solely quantitative research methodology. Particularly, the '
same topic is examined not only with the perspective o f energy use and analysis as provided |
with the quantitative method, but also with the in depth analysis of the social aspect (Jick, i
I1979; Bryman, 2001). The social aspect is represented by the hoteliers’ and managers’ !
attitudes and as a result, the researcher’s understanding and laiowledge on the specific topic !
is enriched.
According to Denzin (1970), there are four types of triangulation. These are the data, the 
investigator, the theoretical and the methodological triangulation. The type of triangulation 
chosen here is the methodological. This type refers to the use of more than one type of data 
collection and for both types of reseaich methods (Denzin, 1970; Bryman 2001). In this 
project triangulation is used to answer one o f the reseaich questions, which concerns the 
effect of hoteliers’ attitudes and the energy consumption in their facilities. In Chapter 8 , 
throughout the interviews, the hoteliers’ express their opinion about their facilities’ energy 
consumption and their willingness to change the current energy profile. It is therefore 
explored how energy consumption could change, if  the owners’ attitudes were different or 
what messages or strategies would encourage a change in attitude. This aspect is examined 
and later analysed in Chapter 8. Therefore, the triangulation is the appropriate tool to give a 
more complete answer to the reseaich question that it is posed.
4.2 Selection of sample
The selection of the cases and the sampling method is an important element of the research.
Sampling methods are classified in probability samples and non-probability samples. In 
probability sampling each case is possible to be selected, in contradiction with non­
probability samples in which not each case is possible for selection (Bailey, 1998). In this
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project, the hotels were selected from the 3, 4 and 5 star category. The reason is that in these 
categories, the amount of energy consumption is very high and immediate changes are 
required for the hotel sector to make a meaningful contribution in the countiy’s low carbon 
pathway. Moreover, hotels that belong in 1 and 2 star categories do not have services offered 
that affect their overall energy consumption. These hotels aie also located in areas that the 
researcher found difficult to access, which include areas are in the city centre o f Athens and 
Thessaloniki that do not host ordinary tourist populations. Therefore, one and two star 
categories were excluded from the research thus creating some limitation to the research.
The selection of hotel categories gives an immediate categorisation of the type of the 
sampling. It is a non-probability sampling, since not all hotels have equal possibility to be 
selected (Bailey, 1994). The purposive sample allows the researcher to identify and select 
individuals- or in this specific project hotels- who are believed to be typical example of the 
total population but not numerically representative (Davies, 2007). Additionally in purposive 
sample the researcher uses his/her laiowledge or judgment about which respondents to 
choose and picks only those that could best meet the demands o f the study (Bailey, 1998; 
Davies, 2007). The sample o f respondents is expected to give all the information requested 
in the questionnaire with real responses. In total 50 questionnaires were sent taking 
responses from 43. Before the questionnaire was sent to the possible respondents, the 
researcher contacted them in advance. This helped the researcher to evaluate the willingness 
o f the respondent. Therefore, this sample was valid, since the respondents did not only agree 
to answer but were also interested in the result of the study. This is a major advantage of the 
purposive sample since it assures that the researcher would gather the required information. 
However, a major drawback with this type of sampling is the lack of representative sample 
(Davies, 2007). This means that the selected cases are not representative o f the total hotel 
population, but show the broad picture of energy use in typical Greek hotels. The selected
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cases and the results will create the baseline for the trend in energy use in Greek hotels, as a 
starting point for further detailed research. This type of sampling is used in both types of 
research (Davies, 2007).
4.3 Types of Energy Models
Before continuing with the quantitative data analysis, it is important to review the tools that 
are available for this type o f analysis. The energy scenarios are developed using an energy 
model that requires specific data. This section reassesses the principal characteristics of the 
main energy models and their applications, aiming at identifying the most suitable energy 
model that could be employed in this study.
Energy models are differentiated in purpose, structure and assumptions used in the model. 
Moreover, energy models are classified based on whether they use top-down or bottom-up 
approaches, the time horizon o f the analysis, the sector they cover, simulation or 
optimisation methods and the level of aggregation (Grubb et al., 1993). Model flexibility and 
complexity of use, data requirements and mathematical approaches aie some other 
approaches that distinguish energy models (van Beeck, 2000). Some of the characteristics of 
energy models are discussed below.
4.3.1 Predicting the future
Energy models are distinguished in three different categories; in predicting or forecasting the 
future, exploring the future or use back-casting approach by looking back from the future to 
the present (Hourcade et al., 1996, van Beeck, 2000).
Forecasting models use historical data which predict the future by extrapolation. The main 
assumptions in these models are parameters such as growth rate of the population, GDP 
growth rates and technological advances that remain stable (van Beeck, 2000).
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1Models that explore the future use a baseline situation (or differently assigned as reference 
scenario) as a starting position and then different future scenarios are developed and are 
compared with the reference scenario. This type of models differs from the forecasting, in 
that the future scenarios are developed based on assumptions rather than on historical trends.
The assumptions concern economic growth, resource needs, technological options, 
efficiency shares, policy options and others.
Looking back to the past, through backcasting models, gives the experts a idea of what 
future will look like and adjust it. For example, experts’ opinions may be required to develop 
energy policies to determine which energy sources or technologies to use. Backcasting could 
be also used to assess the long-term economics o f the alternatives and could be applied to 
relate bottom-up models with top-down models (van Beeck, 2000).
4.3.2 Time Horizon
In a primary level, scenario analysis has been used for long term planning. However, there is 
no empirical evidence that scenario analysis in short term time period is inappropriate. In 
case studies, in corporations where scenario analysis has been used, the ‘time horizon’ as it 
is called, varies among the firms and the cases. For example, Linneman and Klein (1979) 
found that most of the firms developed their scenarios in a 5-year horizon. Planners in 
Xerox Corporation have applied scenario analysis for a 15-year period. Another case in Shell 
Oil Company, used the scenario analysis for at least a 15-year period. However, the problem 
in long-term planning is that the analysis becomes gradually vague as the time horizon 
lengthens. Therefore, the time horizon varies according to the type of the corporation, the 
type of scenarios that need to be developed and the assumptions used in the scenario 
development.
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In this research, the time frame begins from the base-year 2007, when the research started, 
with year target 2020. The year 2020 includes the period when the Greek Action Plan is 
valid and the EU Directives. In addition, it is the year when the EU has set as target for a 
20% energy savings. Therefore, the energy analysis starts from the year 2007 by the year 
target 2020 as set in the policy framework.
4.3.3 Top-down and bottom-up models
The differences between top-down and bottom-up models derive from the way that these two 
models introduce and deal with new technologies, how economic variables affect technology 
use and how markets and businesses actually operate in certain periods (Hourcade et 
al.,1996). Top-down models are characterised as ‘pessimistic’ in their approach and they 
emphasize economic interactions, while the bottom-up models usually address issues of 
sectoral and technological details. The former are characterised by aggregated data, while the 
latter are characterised by disaggregated data (Bohringer & Rutherford, 2006).
4.4 Examples of Energy Models
A number of energy models exist, varying in approach, use and analysis. One of the most 
widely used models is MARKAL; other models include ENPEP, BALANCE, GEMIS and 
LEAP.
4.4.1 The MARKAL model
MARKAL (Market Allocation) is a bottom-up and energy demand driven model developed 
by the Energy Technology Systems Analysis Programme (ETSAP), a section of the 
International Energy Agency (lEA, 2004). The MARKAL model has been applied in several 
countries and in different sectors. It is used to describe energy supply and demand, 
considering technological options, energy resources and emission limits (Wright &
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Loughlin, 2003). MARKAL is mainly applied in energy planning and policy development at 
regional, global and national levels (Cormio et al., 2003).
MARKAL has been applied in several different sectors such as energy security, new 
technologies, benefits and effects o f environmental and energy regulations, greenhouse gas 
emissions and carbon strategies (IRG,2003). Identifying the most cost-effective pattern of 
resource and technology for a time period, as well as identifying and quantifying the 
appropriate energy sources to use, are namely some of MARKAL’S features. Moreover, 
MARICAL proposes a framework in order to explore and evaluate alternative futures, 
various teclmologies and policy options. In addition, the model aims at quantifying the effect 
from energy and environmental policies in the energy system. The broader use of the model 
is to provide solutions for reduction in carbon dioxide emissions. However, the main 
drawback with MARKAL is the confusion and doubt in the assumptions of energy demand 
growth, which could be either overestimated or underestimated.
4.4.2 The GEMIS model
GEMIS (Global Emission Model for Integrated Systems) was developed in 1989 by the Oko 
Institute in Germany (Oko Institute, 2005) aiming at comparing the environmental effects of 
energy. The GEMIS includes databases with information on the emissions standards o f the 
World Bank, the EU and the US standards. This model also provides the costs of 
technologies and the costs of energy and transport process. In addition, GEMIS analyses the 
technical, environmental and cost aspects of different energy options, either renewable or 
non-renewable. Furthermore, it is free software which includes databases for developing 
countries and has a developing network of users. One major drawback is that the database is 
outdated and it does not include data on indirect processes associated with energy systems 
(Oko Institute, 2005).
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4.4.3 The ENPEP model
The ENPEP is a model between top-down and bottom-up methods and is used in forecasting 
and exploring the future. ENPEP has been developed from Argonne National Laboratory, 
supported by the US department of Energy, the World Bank and the International Atomic 
Energy Agency (ANL, 2007).
The model describes energy demand, supply and environmental impacts. This approach 
requires description of all sectors o f the economy and its demand analysis, and it also 
requires detailed description of end-use and renewable technologies. To add to this, this 
model analyses the effects of environmental policies, energy conservation and demand. This 
model has been used by Greek researchers; namely, Mirasgedis et al. (2006) who used 
ENPEP to examine the current development and planned actions of RES. Moreover, 
Dagoumas (2007) used ENPEP in order to examine under different scenarios, the total cost 
of the electricity system expansion considering also the price of emission certificates. This 
proves that this model performs in various tasks and it has different mathematical 
approaches.
4.4.4 The LEAP model
Long-range Energy Alternative Planning (LEAP) is an energy-modelling tool developed at 
Stockholm Environment Institute (SEI), in Boston, for assessing the physical, economic and 
environmental effects— of energy programs, technologies and energy initiatives (SEI, 2008). 
LEAP software tool is used to analyse current energy trends and to provide alternative 
energy futures along with environmental emissions under a range of user-defined 
assumptions (Shin et al., 2005). In addition, LEAP is a tool for analysing policies and for 
exploring the available technological options in an energy system using simulation methods. 
The LEAP model consists of four different modules; energy scenarios, aggregation of multi- 
region results, environmental database and fuel chains.
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Energy scenarios are developed in LEAP and they analyse the energy consumption, 
conversion and production in a region, economy or sector based on a range of alternative 
assumptions such as population, economic development, technology, prices and others. In 
addition, LEAP as a forecasting tool, enables the user to make projections of energy supply 
and demand in a long term period but as a policy analysis tool, it simulates and assesses 
physical, economic, and environmental effects of alternative energy programs and 
investments. LEAP could be also used to examine a wide variety o f projects, programs, 
technologies and other energy initiatives and create or support strategies that best address 
environmental and energy problems.
LEAP has been selected from the range of energy models. The reasons that this tool has been 
selected are its flexibility in applying the selected assumptions, its simplicity in use, its direct 
explanation of the results and straightforward impact of the measures and assumptions 
considered and its flexibility in allowing the user to formulate the software’s database at its 
ease and requirements.
Moreover, the selected tool gives the opportunity to the researcher to develop the database 
based on its own preference. Specifically, in this project, the database has been formulated 
according to the questionnaire’s sections; as of the section 4.1.14, the questions require 
information for each one of the services and equipment used in hotels. This sequence of the 
questionnaire formulation is also followed for the development of the database. Figure 4.1 
shows, the database’s structure .
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Figure 4.1: Screenshot I o f  LE A P database form ulation
Moreover, the user has no limitations on the selected assumptions; this means that in this 
project great emphasis and test of the existing policy measures should be given. This tool 
allows the user to examine the effectiveness of each one of the measures in each service and 
fuel included in the selected sample of hotels. That way, it offers the possibility to evaluate 
directly each of the measures and therefore the process for policy recommendation is 
facilitated. This is also presented in Figures 4.2 and 4.3 which demonstrates an indicative 
screenshot of the results.
Figure 4.2: Screenshot II of LEAP results
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Figure 4.3: Screenshot III of LEAP results
Furthermore, it is a simple tool that allows the user to define and select the appropriate 
functions included in the software, according to what it is examined. The existing literature 
of LEAP demonstrates that it has been used in different countries and in various sectors and 
systems. In contrast to other software, there is no limitation on which system it would be 
applied or where it could be more effective.
4.5 Scenario Analysis
A scenario is a coherent story developing differently from the initial state. It describes the 
initial state of an environment and its development depends on the effects of several 
assumptions, which are defined by the planner. These assumptions would create an 
alternative range of development of the initial state (Leemhuis, 1985). Kahn and 
Weiner(1967) define scenario analysis as hypothetical sequence o f  events constructed fo r  
the purpose o f  focusing attention on causal processes and decision points ’ (Kahn &Wener
,p6 .).
Ideally, a scenario, describes a possible future of a system in which social, economic and 
technological parameters are evolved and linked to one another. The initial step in a scenario 
development is to define the interactions of these parameters with the system examined. In 
addition, scenarios cannot be developed without firstly gaining an understanding of how 
these interactions affected the past (Leemhuis, 1985).
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The scenario analysis is a technique that has been used since 1950s (Herman & Kahn, 1960) 
and the systems examined were mainly businesses (Schnaars, 1987). The scenarios have 
been developed because planners needed to create a number of possible future environments 
on the system they were examining and assess how different this environment would be in 
the long term. If they were relying only in one single environment, they might be mistaken 
which is why the creation and utilization o f multiple scenarios were considered safer for the 
businesses (Schnaars, 1987). Despite the fact that the theory of scenario analysis is very old, 
it is still of outstanding importance even today, as it is the fundamental part for the use of 
scenario analysis.
Scenario analysis is different from other approaches in two main aspects. The first is that 
scenarios mainly express a more qualitative and contextual description o f a system on how 
its present state would change in future. The second is that scenario analysis aims at 
identifying a number of possible futures, which are possible to occur but not assured. This 
approach offers more than one forecast, in a narrative form and it is considered a more 
sensible approach than prediction of what will happen in future (Schnaars, 1987). However, 
not everyone adopts these approaches, since the basic scenario type, which uses only 
theoretical components, has changed. The numerical scenarios are also commonly used in 
research and they are considered significant in several sectors.
Scenario analysis has been used in several types o f industries. For example, General Electric 
and its marketing strategy, (Wilson, 1973) or institutional organisations in the US (McHale, 
1976) were from the first corporations that used scenarios for strategic planning. This 
approach is qualitative and explores the future in order to improve the marketing or the 
economic status of the businesses. The use o f scenarios for statistics and numerical analyses, 
without focusing only on qualitative approaches but quantitative too, was introduced later.
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The first corporations, which applied numerical scenarios, used them for economical 
analysis. Namely, an econometric model using assumptions regarding the future values of 
predictor variables (Cailson & Umber, 1989) or the prediction of electricity demand in the 
Electricity Supply industiy in the UK (Hankinson, 1986), are examples of 
numerical/quantitative use o f scenarios.
The use of scenarios in the energy sector arrived even later. It is another distinct quantitative 
use of scenarios. The objective of energy scenarios is to develop a contextual framework in 
order to explore the future state of an energy system from different perspectives (Schwartz, 
1991). Additionally, energy scenarios are mainly used to describe a set of possible 
conditions of a system in future or to quantify potential savings from policy implementation, 
technology alterations or behavioural changes (lEA, 2003).
Energy scenarios are commonly used to describe energy use and energy efficiency in several 
sectors or to explore the effects of energy consumption in climate change. In particular, the 
Climate Change Emissions Scenarios of the Intergovernmental Panel on Climate Change 
significantly influenced the development o f climate change science and policy. This report 
analyses the evolvement of the climate, under the effects of several parameters in a long 
term. Furthermore, the European report on scenarios on energy efficiency and renewable 
energy sources are another important example of the use o f scenarios in energy systems. 
These reports comprise two of the numerous reports and studies on energy scenarios. This 
proves that there is a growing effort in energy researchers to explore the uncertainties in 
energy sector and the effect o f the existing policy on the sector.
It is important to note, that energy scenarios have been applied in several sectors and 
countries. Some of them are applied to the commercial sector o f China (Bressand, 2007), the 
energy supply of Europe (European Commision, 2004), the hotel sector o f Turkey (Onut,
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2006), the building sector of Sweden (Amstalden, 2007) and many other different countries 
and sectors. All these cases use energy scenarios distinctively and each case uses each own 
characteristics and hypothesis for the scenario development. This is because each sector or 
counti-y represents a distinct system. Each one of these systems is affected by different 
factors therefore; the energy profile differs among them.
In this project the development o f energy scenarios is chosen for the data analysis. The 
distinct energy system examined is the Greek hotels sector and its position in the Greek 
energy system. In combination with the measures and the policy framework that are analysed 
in Chapter 3, tlnee energy scenarios are developed. They are trying to answer the research 
question concerning the energy profile of a sample of Greek hotels, aiming at exploring the 
changes in their current energy state, at whether the policy measures are implemented or not 
and if lessons taken from best practices of green hotels are applied in them. The hypotheses 
and assumptions considered are taken from the policy framework, and they are developed 
according to the characteristics o f the Greek energy system. LEAP is chosen to process the 
data analysis and in which the energy scenarios are modelled. Flexibility, cost, availability 
and ease of use were the reasons that led to the selection of LEAP. LEAP allows decision 
makers to move rapidly from policy ideas to policy analysis, and is capable of presenting 
findings based on different variables such as growth rates, percentage shares of energy 
consumption etc. and also, addresses issues about energy use and environmental analysis on 
various systems. The LEAP model is part of the quantitative analysis and it is applied for the 
development o f the energy scenarios, using certain assumptions and hypothesis that are 
presented in the following section.
4.6 Number of Scenarios to generate
Again, the number o f scenarios generated, varies according to the case and the systems that
are examined. In general, the scenario development demands the construction of two to four
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storylines- descriptions of possible plans. There is no restriction in the number of scenarios, 
however three are regarded as sufficient, which justifies why these three are also elaborated 
in this project (Schnaars, 1987). The Business as Usual, which describes the current energy 
trend in the selected hotels without policy interventions, the Policy scenario, which considers 
the current legislation in buildings and the Green procurement scenario. The last scenario 
uses best practice examples from hotels around the world considering also the policy 
framework from policy scenario. It is essential to mention, that the use of strategies is 
crucial, as the development of scenarios depends on them. Finally, the scenario planning 
development gives the opportunity to evaluate and test the effectiveness, the realism, the 
probability and the uniqueness of a strategy (Bloom, 1994).
4.7 Quantitative Data Analysis
The following section describes the scenaiio development with assumptions and hypotheses 
that are applied in LEAP. The scenarios are the Business as Usual (BAU), which describes 
the current trend in energy consumption in hotels, the Policy Scenario, which describes the 
changes in total energy consumption in the selected hotels under the implementation of the 
existing legislation; and the Green Procurement Scenario, which is constructed under the 
policy measurements and alterations from hotels, that have demonstrated ‘best practice’ low- 
carbon activity across the world.
i. BaU- Description and Assumptions
The Business as Usual scenario describes the current trends on energy consumption in the 
selected cases used. The cases are classified according to their category. The Business as 
Usual Scenario considers the measures that the National Action Plan includes. These 
alterations are demonstrated in Table 4.1. These measurements are used on LEAP and in 
turn the Business as Usual scenario develops.
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Table 4.1; Assumptions used in BaU scenario
Measurements to be implemented by Business as Usual Scenario
2020 in hotels_________________________________________________________
Efficient Lighting -28% electricity reduction in electricity use
Efficient electrical equipment -5% electricity reduction in electricity use
Natural Gas Penetration +10% increase of natural gas use
Hypotheses
Use of electricity +1.5% growth of source use
Use of oil +3.5% growth of fuel use
Hot water and heating services use +3% growth in fuel used for these services
(Source: Ministry of Development, 2007)
ii. Policv Scenario- Description and assumptions 
This scenario demonstrates the changes in buildings under the implementation of 
measurements suggested in the Greek and EU policy framework by 2020. Based on the 
analysed Business as Usual Scenario, the measures from the Greek and EU policy are 
applied in the hotels and the Policy Scenario demonstrates how energy consumption changes 
in the long run. The estimates and measures given in Table 4.2 are selected according to the 
Ministry of Development (2008) and to the Greek National Action Plan (2008). These 
measures are applied in the selected hotels and show predictions of energy savings and 
emission reductions in hotels, by 2020 .
Table 4.2: Assumptions for Policy scenario
Measurements to be implemented by 2020 in Policy Scenario
hotels____________________________________________________________________________
Efficient lighting____________________________-70% reduction of electricity consumption______
Electrical efficient equipment in cooking, laundry -15% to -20% reduction of electricity
facilities, refrigeration and A/C consumption by 2020
Solar thermal panels for buildings over 1000m2 10% decrease of energy consumption for heating
and hot water
Thermal insulation -5% reduction in energy consumption in heating
-5% reduction in electricity consumption 
Renewable energy technologies installation -20 to -  30% reduction in total energy
consumption
Information for rational use of energy in the -2% reduction of electricity consumption 
building
Energy Management Systems -5% reduction of electricity consumption
Natural Gas Penetration +20% increase
Hypotheses
Use of electricity +1.5% growth of source use
Use of oil +2.5% growth of fuel use
Hot water and heating services use +3% growth in fuel used for these services
(Source: Ministry of Development, 2007)
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iii. Green Procurement Scenario- Description and Assumptions
The development of this scenaiio is based on hypotheses and assumptions from hotels that 
have demonstrated a rational use of energy, with efforts to reduce energy consumption. 
These hotels are cases that have been selected from the Green Hotels Association, since they 
exhibited best practice in environmental and energy management. The Green Hotels 
Association is an association which includes hotels of the United States that have 
demonstrated practices in order to improve their energy and environmental performance. It is 
an association that aims at bringing together hotels interested in environmental issues. In the 
Association’s website, several cases are presented and with the use of newsletters, all the 
members are informed about practices that have improved energy and environmental 
performance o f hotels. Numerous cases are presented, and five o f them have been considered 
in this project. The selected cases have been considered due to their ease-to-apply process in 
Greek hotels. However, given the differences in the technologies that are available in the US 
and Greece and the different technical characteristics between the US and Greek hotels, the 
propositions from the US cases have been considered for application based on the Greek 
standards. For example, the availability of solar thermal water heaters in Greece has been 
examined, considering the Greek level of penetration of this type of technology. Thus, these 
assumptions are applied to the model considering the Greek situation and not the US.
The following table summarizes the actions that are considered in the development o f the 
Green procurement scenario. As described in Table 4.3, these are the measures and actions 
to be taken on the green procurement scenario for hotels. It should not be omitted that in this 
scenario the measurements in the policy scenario are included, since they need to be applied 
by the year 2020, when the legislative framework expires.
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Table 4.3; Action and hypotheses for Green Procurement scenario _____ _
Action to be taken by 2020 in hotels Green Procurement Scenario
Installation of solar hot water systems Total replacement of oil and LPG for hot water
Eco-products in laundry facilities -10 to -20% reduction of electricity use in drying
-20% reduction of electricity use in washing 
Waste decomposition equipment -Provide heating and reduce oil use in the
building by 50%, (applicable to buildings with 
more than 100 rooms)
Full replacement of conventional lighting -75% reduction in electricity consumption in
lighting
Installation of lighting sensors -15% reduction in total electricity consumption
Include also the measures in policy scenario
Electrical efficient equipment in cooking, laundry -15 to -20% reduction of electricity consumption
facilities, refrigeration and A/C by 2020
Solar thermal panels for buildings over 1000m2 40% to 50% decrease of energy consumption for
heating and hot water
Thermal insulation -5% reduction in energy consumption in heating
-5% reduction in electricity consumption 
Renewable energy technologies installation -20 to -  30% reduction in total energy
consumption
Information for rational use of energy in the -2% reduction of electricity consumption
building
Energy Management Systems -5% reduction of electricity consumption
Natural Gas Penetration +30% increase
Flypotheses
Use of electricity +1.5% growth of source use
Use of oil +2.5% growth of fuel use
Hot water and heating services use +3% growth in fuel used for these services
(Source: Green Hotels Association website, (2009), Ministry of Development, (2007))
In Chapters 5, 6 and 7, the three scenarios are developed, showing how energy changes
under the alterations described in Tables 4.1, 4.2 and 4.3. A comparison o f the scenarios
gives further insights of the existing policy and its effectiveness to the Greek hotel sector and
also exhibits the energy savings and the reduction of environmental effects resulting from
their operations.
An important factor for the implementation of the above measures and actions is the cost of
their application. For this reason a part of the data analysis, in Chapter 8 refers to the
economic analysis of the implementation of these actions. The NPV values for the energy
efficient equipment considered, are calculated in order to show the economic viability of this
equipment in a three, four, and five-star-hotel. The return of the investment, for a PV system
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of lOOkW capacity is provided as well. As a final step the mai'gin carbon abatement cost is 
calculated for the three different cases.
4.8 Conclusion
To conclude, this Chapter presented the research methodology and the data collection 
process. It is a mixed methodology research, since both research types qualitative and 
quantitative are used. The quantitative part is used to analyse the data collection from the 
surveys. A short review o f several energy models is presented. Long Range Energy 
Alternative Planning is the model selected for this project. LEAP develops three different 
energy scenarios, which demonstrate the energy trend of 43 Greek hotels. These scenarios 
are developed under certain assumptions that affect the hotels’ energy profile. Based on the 
results of the quantitative research, the qualitative methodology is also developed. For that 
purpose, a questionnaire with face-to-face interviews was formulated addressing, to ten 
hoteliers of the total, who participated in the research. These interviews aim at identifying 
the formulation of the results of the quantitative research, defining simultaneously hoteliers’ 
attitudes on the existing policies. The following chapters present the data analysis and the 
scenario development.
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Chapter 5: Energy Analysis in Three-Star-Hoteis
In this chapter the data analysis for the three star hotels is presented. The chapter is divided 
into two parts. The first part consists of the statistical analysis, which explores the factors 
that affect the energy consumption in all types and sizes of Greek hotels using several 
statistical tests. This process would explore the effect of several variables to the final energy 
consumption of hotels. The second part of the analysis is the scenario development for the 
tliree-star- hotels, consisting of three storylines \  The first is the BaU Scenario, which 
describes the current trend in energy consumption in the selected sample. The second is the 
Policy scenario, which gives estimates of the energy consumption under the implementation 
of the existing EU and Greek policies. The third scenario is the Green Building Scenario, 
which includes some indicative measures from hotels that are part o f the Green Hotels 
Association. This scenario is used as an example of the potential improvement that Greek 
hotels can achieve by drawing lessons from successful exemplars taken from other 
cases/hotels in different countries. The softwai'e used for this process is the Long Range 
Energy Alternative Planning (LEAP).
 ^The analysis for the four star and five star hotels is provided in chapters 6 and 7
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5.1 Statistical Analysis
The hotels are classified in terms of their location, their star-category and the number of 
rooms. The location of hotels creates two sub-groups; islands and mainland hotels. The 
hotels vary to three, four and five-star-categoiy. For the category by size class, the hotels 
were divided in three groups -small, medium, large- according to their number o f rooms. 
Hotels with up to 20 rooms are classified as ‘small, from 21-100 are medium and those 
exceeding 100 are large. The energy consumption is expressed under four different 
variables; the absolute values of final energy consumption; the final energy consumption per 
area, per number of rooms and per hotels class. This process is used in order to analyse the 
data and meet one of the main objectives o f the research which is to gauge the factors that 
define the hotels’ energy profile and have the highest effect. The selection o f an appropriate 
method depends on the distribution o f the data (Pallant, 2007). Parametric tests ai*e applied 
on data that are normally distributed and have similar variances (Puri, 2002). The 
assumption of normality o f the data is tested by using the following hypotheses, for each of 
the variables in each one o f the clusters. In the following sections, several tests are taking 
place and the statistical significance is calculated. Each statistical procedure is used to decide 
whether an observed difference in the selected hotels is due to chance or it is likely to 
represent a real difference at the level o f the whole population.
The Kolmogorov-Smirnoff test is used to test the goodness of fit of the sample of a selected 
population. This test was selected in order to demonstrate the normality o f the 43 cases 
which are a sample of the total hotel population. For this test, critical values exist that define 
the normality of the data. If the value a is greater than 0.05 then the data are normally 
distributed.
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Table 5.1: Normality Test: O ne-Sam ple Kolmogorov-Smirnov Test
TetaikW lir JfcPFMwemre k a td  size
kWhr/hotel class
n kWhnstm^
N 43 43 43 43
Kolmogorov-Smimov Z 1.836 1.108 1.389 1.719
a=Asymp. Sig. (2-tailed) 0.002 0.172 0.042 0.005
Table 5.2: Results from the Kruskal-Wallis test
S fe u tfo n e e V '' No o f  Stars No o f  rmmm Loeadmtt
Total kW hr 0.003/11.811 .000/21.626
kW h/size class 0.024/7.25
kW h/stars - 0.002/12.608
kWh/m^
From the results of the above table, it is observed that from the same population, various 
factors results in different normality. Thus, since for the same population under different 
factors the data are not normally distributed, then a conclusion about the normal distribution 
of the total population could not be drawn. Therefore, the non-normality of the data is 
chosen. Since the sample derives from a non-normally distributed population, a non- 
parametric test is in turn selected. For that purpose, Kruskal-Wallis test is chosen because it 
allows the comparison between three or four groups of the same population and it does not 
require the assumption for normal distribution.
Table 5.2 displays the results from the Kruskall-Wallis test. Only the statistical significant 
results are presented. Each one of the cases examined demonstrates that there is a large range
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in energy profiles. In addition, the results exhibit that there is a large range in energy profiles 
when they are expressed by size class, hotel category and total floor area.
Therefore, none of these factors alone explain the differences between each grouping 
variable. The results prove that the grouping variable by Location, is not statistically 
significant, hi addition, for the kWh/size class there is no significance by number of rooms 
and by location.
Moreover from the above table it is presented that by using the number of stars as grouping 
variable, unstandardized kWh by number of stars is statistically significant. In order to 
explain the variability of the energy profile of hotels, factors other than the number of stars 
matter.
Another factor examining the energy profiles is the number of rooms which is obvious that 
varies depending on the hotel. However, even if  the results of Kruskal-Wallis test are 
significant, it is still not laiown which of the groups have statistical significant differences 
from one another. Therefore, a test between pairs o f group is required. For that purpose 
Mann-Whitney test as a follow up of Kruskal-Wallis test, is used between the clusters and 
the tested variables that have shown a statistical significance (Field, 2009).
The Mann-Whitney test is an alternative to the independent samples t-test, in which the 
actual data values are replaced by ranks for the calculation (Puri, 2002; Field 2009). The 
results between different groups are given in table 5.3. A further step o f the Mann-Whitney 
U test is to define the effect size statistic. This process is not included in the Mann-Whitney 
U test, but since the value o f z is reported in the output, the effect size r could be calculated. 
The expression for r is: 
r ~ I d /  square root of N, where N=the total number of cases
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Table 5.3; Results from M ann-W hitney test between groups of category
Total kWh 
(Signiflcance/z)
kWh/hotel
size(SignifIcance/z)
Three-star-hotels 0.002/-3.078 0.019/-2.343 Five-star-hotels
Four-star-hotels 0.013/-2.488 0.018/-2.357 Three-star-hotels
Five-star-hotels - - Four-star-hotels
The energy profile between three and five-star-hotels and three and four-star-hotels is 
significant only by kWh/size and total kWh. Therefore, in order to explain the variability of 
hotels’ energy profile, factors such as category and size matter. For four and five-star-hotels, 
total kWh and kWh/size do not define the variability of energy profile.
The effect size r respectively for each category group is 0.47, 0.36, 0.38 and 0.36. 
According to Cohen’s criteria (1988), 0.1 is a small effect, 0.3 is a medium effect and 0.5 
large effect. Hence, there is a large significant different effect between the total energy 
consumption I of the two groups in any type o f expression of energy consumption.
Between small and large groups, the unstandardised kWh is statistical significant, as table 
5.4 displays. The effect size is r = 0.4. For large and medium groups the unstandardised kWh 
again, is statistical significant with effect size r = 0.64.
Significance/z Total kWh
small hotels 0.009/-2.608 large
medium hotels - small
Large 0.000/-4.227 medium
The above results demonstrate that the deciding factor in explaining the variability in the 
energy profile of the hotels is the unstandardised kWh by category and size of hotels.
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5.2 Energy Analysis in Three-Star-Hotels
This section provides the energy analysis of the selected sample of three-star-hotels. The 
selected sample of the three-star-hotels are 14, six of them are located in islands and the rest 
in mainland of Greece. Information about the type of equipment used, the fuels consumed 
and the services provided in each facility has been collected based on the survey design that 
has been previously analysed in Chapter 4. The same process has been used for all the 
selected hotels, of four and five-stars.
5.2.1 Business as Usual
This section presents the results from the energy analysis in LEAP and displays the 
development o f energy scenarios for three-star-hotels by end-use in each one of the services 
included in the hotels. The assumptions and hypotheses considered for the development of 
this scenario were presented in Chapter 4, on the Table 4.1 displayed here as well.
Table 4.1; Assumptions used iii BaU scenario _____ _
M easurem ents to be im plem ented by 2020 B usiness as U sual Scenario
in hotels_____________________________________________________________________________________________________
Efficient L ighting -28%  electricity  reduction in electricity  use
Efficient electrical equipm ent -5%  electricity  reduction in electricity  use
N atural Gas Penetration + 20%  increase o f  natural gas use
Use o f  electricity  + 1 .5%  grow th o f  source use
Use o f  oil + 3 .5%  grow th o f  fuel use
H ot w ater and heating  services use + 3%  grow th in fuel used for these services
(S ource; M in is try  o f  D evelopm en t, 2007)
For the development o f the model, the use of efficient lighting is considered. After the year 
2010 the use of efficient lights would be available in the market for purchase. Thus it is 
considered that after 2010 the selected hotels would be using efficient lighting, reducing the 
electricity consumption in lighting 70% by 2020. In addition a low rate o f efficient 
equipment is considered by 2020. In the Table 4.1 the use of efficient equipment is included 
estimating a 5% reduction in electricity consumption per year in services using electricity by 
2020. In addition, the assumptions in fuels use are varying. Natural gas is expected to have a 
20% increase in use and this assumption is considered for this sample of hotels. This
97
assumption is taken from the National Action Plan for Energy Efficiency, where natural gas 
is expected to have a 20% increase in the buildings of residential and commercial sectors 
(Ministry of Development, 2008). In the same document the use of electricity in these two 
sectors is expected to increase 1.5% per year and oil use by 3.5%. Further than that, the fuel 
consumption in heating and hot water services is expected to increase 3% per year by 2020. 
These assumptions are also considered and applied for the development of the Business as 
Usual scenario for the selected hotels, since hotels are part of the commercial sector where 
all these assumptions and hypotheses are applied. Based on all the above information, the 
following results are generated and are presented below. It is important to note that the data 
collection took place on the year 2007 that is why this is the base year. However, the data 
analysis and the presentation o f the research takes place on the year 2010 , which shows that 
the results are out-dated. However, the measures considered and included in the Greek 
Regulation are expected to be applied after 2010, and this condition is considered for this 
research as well.
As observed in Figure 5.1, there is an increase of energy consumption of almost 15MWh by 
the year 2020 compared to the base year (2007). This scenario is developed considering that 
no significant interventions are expected by 2020. The use of efficient lighting and 
replacement of old inefficient equipment with new efficient ones is strongly supported from 
hoteliers but only for specific services such as air-conditioning. The average occupancy rates 
of the years 2005-2010 were taken into consideration for the calculation of this information. 
Hence, an average occupancy rate o f 55% for the total yeai' for three-star-hotels is employed 
in this calculation.
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Data VariaMa: Final Enargy Consumption 
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Figure 5.1: Energy consum ption in three-star-hotels by service: B all Scenario
This small share however, it is of great importance since the total energy consumption could 
be increased by more than 15MWh, considering all the factors that shape the final energy 
consumption. When the energy use is explored from an end-use perspective, another 
interesting picture emerges. As shown in Figure 5.2 the small level of penetration of natural 
gas in the energy mix o f the buildings is crucial. Hoteliers believe that they have to change 
the mixture o f fuels that they are using in their facilities. The natural gas could be easily 
applied in their facilities mainly for cooking purposes. This is also an opinion shared by the 
Ministry of Development (2008), which gives estimates of increase in natural gas use by 
2020 in several services of the commercial sector, as it is cheaper and by far more 
environmentally friendly in services as well, such as heating. The oil consumption covers 
25% of the buildings’ energy needs and it is mainly used for heating and in some cases for 
hot water as well.
Heating and cooling have the highest energy consumption with 22% and 20% respectively. 
This is because these hotels operate all the year round and they use both services. Laundry 
and refrigeration are following next with 10 and 12%. This is due to the energy capacity of
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the equipment, the daily usage in laundry facilities and the type of equipment in 
refrigeration. Detailed end-use energy analysis is given below.
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Figure 5.2 Fuel share in three-star-hotels: Bau Scenario
The largest share in fuels is covered from electricity, as Figure 5.2 indicates. By 2020, the 
electricity consumption is expected to decrease as efficient lighting systems and more 
efficient appliances become the norm. Even if the level of penetration of efficient equipment 
is low. Figure 5.2 displays that the reduction in electricity consumption is significant, since 
this low share of 5% in electrical efficient equipment if applied in all services provides 
changes in the final electricity use. This statement is further elaborated in the following 
sections, where a detailed analysis of energy end-use in all services is provided. This 
reduction also means reduction in environmental impacts and possibly decreased energy 
costs. Furthermore, the use of natural gas is very low, but by the end year there is a small 
increase, replacing oil and LPG in certain services, as the following analysis presents. 
However, a small share o f hoteliers tries to use efficient electrical equipment and lighting 
since they are more informed than others and they realize the benefits of such equipment 
installed in their facilities.
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L i g h t i n g
Figure 5.3 displays the final energy consumption in lighting. Efficient light bulbs cover 20% 
of the lighting needs. By the year 2020, the use of incandescent bulbs would be fully 
replaced with efficient types only.
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Figure 5.3: Final Energy consum ption in lighting in three-star-hotels: B a ll Scenario.
Thus, from 2010 and on, the use of compact fluorescent lights would be included. It is 
noteworthy that the use of LED lights is not considered at this point, since the alterations 
follow the current trend, which is fluorescent lights that are already used in the hotels. A 
compact fluorescent light is four times more efficient than the conventional ones and lasts 
longer than the conventional bulbs, hence making it cheaper in long run. This is translated 
as almost 60% reduction in electricity consumption in lighting per year. This is illustrated in 
Figure 5.3 where electricity use in lighting could be reduced by 18MWh after the year 2010, 
ultimately making it the cheaper and environmentally accessible option. The economic 
analysis for switching to efficient lighting systems is presented in Chapter 8.
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H e a t in g
As shown in Figure 5.1 heating is the service with the highest energy consumption. In 
addition, multiple fuels are used in heating services, including electricity, liquefied 
petroleum gas (LPG) and oil, which is the most used. It is interesting to note that both 
electricity and oil are used simultaneously in many three star hotels as one source does not 
cover the full heating requirements o f the building. The reason is that the central heating 
systems are inefficient and high amounts o f oil are consumed without actually heating the 
building effectively and for this reason electric heaters are also included in the rooms. 
Consequently, both are used, which significantly increase the energy consumption and 
energy costs.
It is also important to note that the use of natural gas is absent in all three-stai-hotels. 
However, many hoteliers have realised the significance of its use as it is more cost-effective 
than oil and many are interested in switching to gas. This could alter the buildings’ energy 
profile both reducing energy costs and associated environmental impacts.
The Ministry o f Development estimates (2008) that 10% increase in natural gas use is 
expected in commercial sector buildings. This should lead to a reduction in energy costs and 
CO 2 emissions. The price of heating oil is expected to increase by almost 10% by 2020 
(International Energy Agency,2008; Ministry of Development,2009), making the use of 
natural gas a better option for end-users. Natural gas is 20% cheaper than heating oil, 40% 
cheaper than LPG and 60% cheaper than electricity (Athens Natural Gas provider, 2010).
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Figure 5.4: Final energy consum ption by fuel in heating in three-star-hotels: B a ll Scenario
Figure 5.4 shows that after 2010 the use of natural gas is expected to be part of the fuel mix 
for hearting services, mainly displacing oil. No changes are expected to take place for LPG, 
but the use of electricity is likely to increase. This results from the use of the electrical 
equipment for heating. Even though there is a shift to efficient equipment, it is still not 
enough so as to achieve major reductions the electricity consumption for that service. In 
addition, according to the National Action Plan for Energy Efficiency, energy consumption 
in heating services is expected to increase 3% per year by 2020, an assumption included in 
the results presented. As a consequence of the above assumptions, by the year 2020, energy 
consumption in heating is expected to increase by almost 40MWh compared to the base 
year.
HOT W ATER
The use of hot water covers 10% of the total energy consumption. In hotels solar water 
heaters (SWH) are used but in units where there are available roof-top areas or in small 
hotel-units. Figure 5.5 shows that the final energy consumption for this service could 
increase up to 55M Wh, based on the assumptions presented in the Table 4.1.
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Figure 5.5: Final energy consum ption for hot w ater in three-star-hotels: B a ll Scenario
Figure 5.5 exhibits that prior 2007 natural gas was not used to hot water. Based on the 
assumption that natural gas is expected to increase, the use of oil could be reduced, since it 
has the highest share increasing also the energy costs. Figure 5.5 is based on the assumptions 
that the use of natural gas could reach up to 15% for that service, according to the estimates 
by the Ministry of Development in the Action Plan for Energy Efficiency. As depicted in 
Table 4.1 the use of this service is expect to increase by 3% per year by the end year 2020.
L a u n d r y  f a c i l i t i e s
Laundry facilities are responsible for 18% of the total energy consumption. This type of 
service has high electricity consumption because the high-energy specification of up to 20 
kW per unit. For an estimated daily usage of 6 hours per unit, this amounts to 120kWh per 
day in electricity consumption from laundry facilities. This explains why hoteliers often 
consider replacing the existing equipment with efficient ones. However the cost of the new 
equipment has always been a deterrent and that means many are often reluctant to replace 
their old equipment.
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Figure 5.6: Final energy consum ption in laundry facilities in three-star-hotels: B a ll Scenario
The level of penetration for washing machines and dryers is expected to increase by 5 to 
10% according to previous estimations of the Ministry of Development (2006) by 2020. This 
growth would curtail electricity consumption for this service by almost lOMWh by 2020 
(see Figure 5.6). However, the hoteliers’ concerns regarding cost will remain a factor, and 
some major policy and regulatory changes may be needed to move towards more efficient 
systems.
R e f r i g e r a t i o n
The equipment used for refrigeration is responsible for 12% of the hotels’ energy 
consumption. The replacement of existing equipment with new and efficient ones is not very 
frequent given that refrigerators and freezers have a long lifespan. In addition, it is not easy 
to replace them because of their size and in some cases because they are embedded in the 
buildings’ shell. In order to replace them, the electromechanical alterations would require 
major retrofitting process that would keep the facilities closed while such work is underway. 
Therefore, hoteliers would rather avoid this until necessary.
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Figure 5.7: Final energy consum ption in refrigeration in three-star-hotels: BaU Scenario
Refrigerators and freezers with lower energy capacity are also used in other areas of hotels,
mainly in rooms. Mini-refrigerators exist in every room, with capacity 60 to 85W per unit, 
with a daily usage of approximately 12hours. After a specified temperature is reached, the 
refrigerator can maintain this temperature for almost 12h without power. Therefore, 
electricity consumption is calculated for 12hours as no further power in needed. The use of 
efficient electrical refrigerators could reduce the electricity consumption significantly with 
the level of penetration reaching more than 10%. Figure 5.7 indicates that the replacement of 
mini-bars/refrigerators in rooms would reduce final energy consumption by less than 5MWh 
by 2020. This is because of the high-energy capacity of equipment used in the kitchen areas. 
The energy capacity per unit varies from 5 to lOkW and there are at least 2 units per hotel. 
Therefore, even if all the refrigerators in rooms were replaced with efficient ones, the final 
energy consumption would not change significantly.
1 0 6
C o o k i n g
Cooking services are responsible for 5% of the total energy consumption in three-star-hotels. 
In this hotel category usually one meal per day is served. Hence, the energy use for cooking 
is low since the equipment is used for only a few hours a day. As Figure 5.8 shows, the final 
energy consumption in cooking is expected to increase by almost 5MWh by 2020.
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Figure 5.8: Final energy consum ption in cooking services in three-star-hotels: B a ll Scenario
There are three different types of fuels used for cooking services; LPG is the most popular 
for cooking stoves and accounts for almost 60%, at energy use and electricity is used for 
smaller equipment- such as microwaves, blenders, toasters, coffee-makers, electrical knives 
and others, which accounts for 40% of the total energy consumption in kitchen and cooking 
facilities. By 2020 natural gas is expected to account for 10% of energy consumption 
according to the Ministry of Development (2008). In addition, energy costs would fall as it 
would replace LPG and have lower environment effects. The increase in the final energy 
consumption derives from the increase in electricity use of the existing equipment. In 
addition, since inefficient equipment is used in this service, electricity consumption is not 
expected to decrease. In addition, the use of LPG is expected to increase as well. This trend 
will be discussed in more detail in Chapter 8 .
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C o o l i n g
Cooling is responsible for 20% of the total energy consumption in three-star-hotels, which is 
exclusively met by electricity. In 2007 only 15% of cooling needs are covered from efficient 
electrical equipment. The Ministry of Development claims that the replacement o f existing 
cooling equipment with efficient ones could reduce the building’s electricity consumption by 
almost 10% by the year 2020. The level o f penetration for hotels is estimated at 5 % by 
2020, according to the Ministry of Development as reference case (2008).
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Figure 5.9: Final energy consum ption in cooling services in three-star-hotels: B a ll Scenario  
The replacement of the cooling equipment is very appealing to the hoteliers, as this leads to a 
reduction of 12% the electricity use and consequently lower energy bills. The real challenge 
is persuading the hoteliers to take long-term view and put in investments with high capital 
costs that would be recovered from low running costs. Not many small-scale businesses are 
taking along these lines without sufficient external incentives and regulations to motivate 
and compel them in such directions.
O thers
The rest o f  the equipm ent included in the building are com puters, fans, small
electrical devices used in receptions, and faxes, radios and televisions used in the
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rooms and other areas in hotels. These devices, consum e the least am ount o f 
electricity com pared to the rest o f  services, but still use enough electricity to warrant 
consideration. Such device tend to be switched on for m any hours per day and is not 
easy to control their usage, alm ost 20M W h o f electricity is consum ed per year. 
Figure 5.10 shows that these devices accounted for 20 MW h o f  electricity usage in 
2007, and this is expected to increase approxim ately 5M W h by 2020. This is due to 
the increase in fuel costs leading to an increase in the costs o f  electricity o f  2.5%  per 
year (M inistry o f  Developm ent, 2008).
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Figure 5.10: Final energy consum ption in other services in three-star-hotels: B a ll Scenario
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5.2.2 Policy Scenario
The resu lts o f  the Policy Scenario are shown in Figure 5.11 and shows a reduction in 
energy consum ption in services com pared to the BAU if  the policy scenario is 
im plemented. The reductions by the end year 2020 dem onstrate the effectiveness o f 
the G reek and EU policy fram ework. The assum ptions considered for the 
developm ent o f  this Scenario are show n in Table 4.2 o f  Chapter 4.
Table 4.2; Assumptions for Policy scenario
Measurements to be implemented by 2020 in hotels Policy Scenario
Efficient lighting -70%% reduction of electricity consumption
Electrical efficient equipment in cooking, laundry -15% to -20% reduction of electricity consumption
facilities, refrigeration and A/C
Solar thermal panels for buildings over lOOOml
Thermal insulation
by 2020
50% decrease of energy consumption for healing 
and hot water
-5% reduction in energy consumption in heating 
-5% reduction in electricity consumption 
Information for rational use of energy in the building -2% reduction of electricity consumption
Energy Management Systems 
Natural Gas Penetration 
Use of electricity 
Use of oil
Hot water and heating services use
-5% reduction of electricity consumption
+20% increase
+1.5% growth of source use
+2.5% growth of fuel use
+3% growth in fuel used for these services
(Source: M inistry o f  D evelopm ent, 2007)
The assum ptions shown in Table 4.2 are the measures included in the Policy 
fram ew ork for the buildings o f  the tertiary sector. The total use o f  incandescent 
lighting is considered for application after 2 0 1 0 , reducing electricity consum ption for 
that sector approxim ately 70%  by 2020. The level o f  penetration o f  efficient 
electrical equipm ent is expected to reduce electricity consum ption by between 15 
and 20%  by 2020. In the scenario developm ent the assum ption used is for 15%. The 
use o f  solar therm al heaters is com pulsory to heating and hot w ater services so as to 
reduce energy consumption in these services by 50%. Thermal insulation is another 
requirement of existing legislation and it is calculated that a 2% reduction in electricity used 
for heating and cooling services could occur per year per building. In the policy framework it
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is estimated that appropriate information to the end-users for the rational use of energy 
would reduce electricity consumption 2% for a building per year. This assumption is mainly 
applied to services such as air-conditioning equipment, cooking services and other services 
presented in the following sections, where the equipment is left on stand-by. The installation 
of energy management is proposed in the energy framework which could bring up to 5% 
reduction in electricity consumption. As discussed in Chapter 3 the new Greek Regulation 
for Buildings 3661/2008 proposes the use of 18013790:2008 as an energy system to control 
the energy use in buildings. In addition, the use of natural gas is expected to increase by 20% 
in the tertiary sector by 2020, electricity use is expected to increase by 1.5% and 2.5%. All 
these assumptions are included in the Policy Scenario development for each one of the 
services of the hotels. Explicitly, for the selected three-star-hotels could approximately take 
their total energy consumption could be reduced by approximately 130 MWh from 2007 up 
to 2020, mainly because of reduced electricity use.
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Figure 5.11: Reduction in final energy consum ption in three-star-hotels in the Policy Scenario
The measures used are taken from the Green National Action Plan for Energy Efficiency
(2008) and the EU Directives for Buildings, Eco-design products and Energy efficient
equipment. The policy framework requires the replacement of existing electrical equipment
with efficient appliances. The Ministry of Development expects some 15 to 20% of existing
1 1 1
equipment to be replaced in buildings. The effect of this policy direction could be 
significant, since electricity use could be reduced by almost 15%. The services that such as 
lighting, cooling, refrigerators, freezers and laundry facilities would make an important 
contribution to this reduction. Figure 5.12 displays the changes in the fuel consumption 
under the assumptions considered.
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Figure 5.12: Fuel C onsum ption in three-star-hotels: Policy scenario
The following sections show the reductions per service compared to the business as usual 
scenario.
L i g h t i n g
The use of efficient lighting is expected to reduce electricity consumption almost 22MWh by 
the year 2020, indicating a marginal difference between the two scenarios for this service. 
After the year 2020 the only type o f bulbs are the efficient ones. Thus it is the only option to 
be chosen. Considering that hoteliers have already applied efficient lighting in their facilities 
which are fluorescent compact bulbs, the use of the same type is examined in this scenario. 
Hence, the final energy consumption in lighting could be reduced by approximately 22MWh
by 2020. This demonstrates that this type of lighting is very effective and could contribute
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significantly to the reduction of total energy consumption. In addition, the emissions’ 
reduction is also very important as displayed in the section in environmental effects.
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Figure 5.13: Reduction in energy consum ption in lighting: Policy vs Base Year
Heating
For the heating needs of the buildings, the policy framework, requires the compulsory 
installation of solar thermal panels in order to replace oil. This both reduces oil consumption 
and emissions. In some cases, as stated the Business as Usual scenarios, heating needs are 
also partly covered by the use of electrical heaters. Efficient electric heaters coupled with the 
installation of solar thermal panels could considerably reduce the electricity consumption for 
this service. Solar thermal panels are used in connection with the solar hot water heaters 
analysed in the following section. The hot water is circulated through radiators or through 
pipes embedded to the building shell. The only difference from the solar hot water heaters is 
that the solar thermal panels require large space o f solar collectors and hot water storage, but 
their operating principals are similar for both. In Mediterranean regions, a standard solar 
thermal heater could cover the 50-65% of the hot water requirements. The cost for a
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commercial hot water system varies depending on the size something that is further assessed 
in Chapter 8.
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Figure 5.14: Reduction in energy consum ption in heating: Policy vs Base Year
With the installation o f  so lar therm al panels the fuel use is diversified. It is believed 
that solar thermal panels would cover 40% of the heating requirements of buildings by 2020. 
This installation changes the fuels used; oil decreasing by almost 50%, and electricity use by 
40% while increasing the use o f natural gas by almost 15% to replace LPG. Under these 
assumptions and the replacement of oil and LPG by solar panels and natural gas, the final 
energy consumption in heating services could be reduced up to 45MWh by 2020. The final 
energy consumption is shaped by these values and this is displayed by fuel in Figure 5.15.
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Figure 5.15: Fuel C onsum ption in Heating: Policy Scenario
H o t  w a t e r
For hot water use there are no specific measures to reduce energy consumption or to suggest 
alternative fuels and therefore no-reduction in energy consumption. The only assumption 
considered is the increase of natural gas, replacing oil or LPG with solar water heaters. In 
addition, one other assumption included is from the Ministry of Development that by 2020 
the use of hot water is estimated to increase by 3%. Based on these assumptions, as also 
presented in Table 4,2, the final energy consumption is shown Figure 5.16 giving 16 MWh 
reductions by the year 2020 .
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Figure 5.16: Reduction in final energy consumption in hot water; Policy vs Base year
The fuel share for this service is shown in Figure 5.17. This assumes that solar water heaters 
are installed, reducing the fuel use by half for this service. This technology would operate 
using fuel tanks as a back-up, in order to cover the hotels’ hot water requirements constantly. 
The results in both 5.16 and 5.17 Figures demonstrate that SWH could be very effective for 
this service since there is significant reduction in energy consumption despite the 3% growth 
of final energy use in that service.
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Figure 5.17: Fuel C onsum ption in Hot W ater: Policy Scenario
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L a u n d r y  s e r v i c e s
The highest reduction in electricity consumption is in the laundry facilities. As discussed in 
the Business as Usual, the use of efficient equipment in laundry facilities is very low. With 
the new measures from the policy framework, electricity consumption would be reduced 
almost 17MWh by 2020.
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Figure 5.18: Reduction in final energy consum ption in laundry services: Policy vs Base Y ear
In addition, the policy framework suggests the information for rational use of energy in the 
building. Hotel staff operate the laundry services and if they were informed about rational 
use of the equipment, the hours per day could be reduced along with energy consumption. 
This measure could reduce electricity consumption by 2% in each service that the staff 
operates.
R e f r i g e r a t i o n
The replacement of existing stock with efficient mini-bars in the rooms would bring a 
reduction of almost 40% in electricity use in refrigeration. The assumption for this service is 
that the share of efficient equipment would increase by almost 15% by the year 2020 .
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Figure 5.19: R eduction in final energy consum ption in refrigeration: Policy vs B ase year
Therefore, further use in efficient refrigerators and freezers could reduce electricity
consumption by almost 2 MWh. As shown in the Baseline scenario for refrigeration,
hoteliers are willing to replace only the mini-bars included in the rooms. The large
equipment of the kitchen is not expected to be replaced therefore the reduction in electricity
consumption in this service is very low.
C o o l i n g
The policy measures that refer to the cooling services could reduce electricity use by almost 
15MWh as shown in Figure 5.20. The measures promote the use of efficient equipment 
information for rational use of energy, not only to staff but to customers as well. In addition, 
better thermal insulation is suggested as it would reduce electricity consumption in cooling 
services by 2% per year. Energy management systems are also proposed. This technology is 
an innovative technological system that is not widely used in Greek buildings. The reason is 
the lack of information about the availability of this type of technology and its benefits to the 
buildings. A 5% reduction in electricity consumption per year could at least result from the 
use of energy management systems.
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Figure 5.20: Reduction in final energy consumption in cooling: Policy vs Base year
The above figure shows the results under a possible implementation of the afore-mentioned 
measures. This framework is effective for cooling service as up to a 15MWh reduction in 
electricity consumption could be achieved in the selected sample of tliree-star-hotels.
Cooking
For the cooking services there are no specific measures suggested. The main assumptions 
considered here is changes in fliels that are used. Consequently, energy consumption is 
reduced in this service. The results are displayed in Figures 5.21 and 5.22 using energy 
rationally, replacing existing equipment with efficient types, the use of energy management 
systems and the growth in natural gas use, could reduce the energy consumption by lOMWh 
by 2020 as Figures 5.21 and 5.22 shows.
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Figure 5.21: Reduction in final energy consum ption in cooking services: Policy vs Base year
Hoteliers’ have indicated they prefer to use natural gas as opposed to LPG. Natural gas use 
would replace LPG and efficient equipment would reduce electricity consumption by 10% 
according to the measures and assumptions in Table 4.2. The change in fuel types are shown 
in Figure 5.22.
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Figure 5.22: Final E nergy C onsum ption by fuel in C ooking: Policy Scenario
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O t h e r s
In this service 1.5MWh reduction could be achieved. In this service the measures for 
improving efficiency in electricity are applied. Information on rational use of energy, 
installation of energy management systems and efficient equipment could considerably 
reduce the final electricity in that service. As the following Chapter presents, this service for 
four and five-star-hotels is much higher. A combination of these measures would give the 
estimated result as depicted in Figure 5.23.
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Figure 5.23: Reduction in final energy consum ption in other services : Policy vs Base year
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5.2.3 Green Energy Scenario
This scenario is developed utilizing measurements of the policy scenario and actions that
could enrich the current policy and offer further reductions in energy consumption. These
actions are selected from the Green Hotels Association and specifically from hotels that have
demonstrated successful environmental performance. There are actions taken by other hotels,
which operate differently, that could actually give useful lessons and suggestions to the
Greek hoteliers and in turn be useful to the reduction in energy consumption. These actions
that are presented in Table 4.3 in Chapter 4 are about further installations of solar hot water
systems in order to completely replace oil and LPG for hot water, alternative products in
laundry facilities, installation of lighting sensors and use of LED light lamps.
Table 4.3; Action and hypotheses for Green Procurement scenario
Action to be taken by 2020 in hotels_____________Green Procurement Scenario_______________
Installation of solar hot water systems Total replacement of oil and LPG for hot water
Eco-products in laundry facilities -10 to -20% reduction of electricity use in
drying
-20% reduction of electricity use in washing 
Waste decomposition equipment -Provide heating and reduce oil use in the
building by 50%, (applicable to buildings with 
more than 100 rooms)
Full replacement of conventional lighting -75% reduction in electricity consumption in
lighting
Installation of lighting sensors -15% reduction in total electricity consumption
Include also measures the o f policy scenario
Electrical efficient equipment in cooking, laundry -15 to -20% reduction of electricity
facilities, refrigeration and A/C consumption by 2020
Solar thermal panels for buildings over 1000m2 40% to 50% decrease of energy consumption
for heating and hot water 
Thermal insulation -5% reduction in energy consumption in
heating
-5% reduction in electricity consumption 
Renewable energy technologies installation -20 to -  30% reduction in total energy
consumption
Information for rational use of energy in the -2% reduction of electricity consumption
building
Energy Management Systems -5% reduction of electricity consumption
Natural Gas Penetration +20% increase
Use of electricity +1.5% growth of source use
Use of oil +2.5% growth of fuel use
Hot water and heating services use +3% growth in fuel used for these services____
Source: G reen H otels A ssociation w ebsite, (2009), M in istry  o f  D evelopm ent, (2007)
Even though the initial cost of LED lamps is higher than that of the fluorescent, they could
reduce electricity use by 80%, resulting in lower energy costs on a life cycle cost basis and
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higher environmental performance. The rest of the services are not affected from the 
assumptions considered in this scenario and follow the same trend as outlined in Policy 
scenario. Figure 5.24 shows the fuel consumption in three-star-hotels in the Green scenario.
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Figure 5.24: Fuel C onsum ption in three-star-hotels: G reen Scenario
Figure 5.25 shows the overall reduction between the Green and the BaU Scenario. The 
overall reduction could reach up to 130MWh by 2020. This amount derives from the 
reduction of the policy scenario, as showed in Figure 5.11 and another lOMWh which could 
result if the suggestions from the Green Hotel Association were considered. The following 
sections refer to each one of these services if the suggestions were implemented.
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Figure 5.25: Reduction in final energy consum ption: G reen vs Base year
L i g h t i n g
For lighting use, the Green scenario assumes that all lights in the buildings would be 
replaced with LED lights. The final electricity consumption could be reduced by 80% in 
total, which is 10 to 15% more than the fluorescent lights. The policy scenario assumptions 
for this service would lead to a reduction in electricity consumption by about 22MWh by 
2020. For the same service, the electricity consumption in the Green scenario, is reduced by 
25MWh in total by 2020 as shown in Figure 5.26 giving an additional 3MWh reduction 
compared to the policy scenario. The efficiency of this type of lighting could reduce 
electricity consumption in lighting around 70 to 85%, hence reducing significantly the 
energy costs in the hotels. However, it should be noted that LED lights are three times more 
expensive than the fluorescent ones. In order to demonstrate the payback period and the 
reduction in energy costs about the economic viability of this type of lights an economic 
assessment is provided in Chapter 8.
124
Data Variabla: Final Enargy Conaumption 
S canarie: G roan Scanarlo va. BaU
20 0 7  200»  2 0 0 9  2 0 1 0  2011 2012  2013  2 0 1 4  2 0 1 S 2 0 1 6  2 0 1 7  2 0 1 »  2019  2020
Figure 5.26: Reduction in final energy consum ption in lighting: Green vs Base year
HEATING
For heating services in three-star-hotels the total replacement of oil was considered. This 
assumption was selected on evidence from other hotels that have covering their heating 
requirements solely from solar thermal heaters. This assumption reduces the final energy 
consumption up to 50MWh by 2020 as Figure 5.27 shows. This number includes the 
assumptions of the Policy Scenario, shows the benefit from learning from the experience of 
other hotels, giving further options that would strengthen the energy efficiency option for 
Greek hotels.
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Figure: 5.27:F!nal Energy C onsum ption in Heating: Green Scenario vs Base year
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Figure 5.28 shows the outcomes from fuel mix in heating for this scenario.
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Figure 5.28: Final Energy C onsum ption in H eating by Fuel
HOT W ATER
For hot water use, there is a reduction of almost 45MWh. The changes in the fuel share lie 
on the total replacement o f oil and LPG by solar water heaters (SWH). In this Scenario, the 
use of SWH is examined so as to reduce the dependence on fuels, and simultaneously reduce 
energy costs. A significant motive for that is the increase of fuel prices, as discussed in 
Chapter 8.
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Data Variable: Final Energy Consumption 
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Figure 5.29: Reduction in final energy consum ption in hot water: Green vs Base year
In addition, the cost of SWH is much lower compared to the solar panels for electricity 
generation, which is a point that needs clarification to the hoteliers. The majority of them 
believe the costs are similar for both types of technologies.
As Figure 5.30 shows the fuel share in three-star hotels could change radically compared to 
the BaU Scenario. In particular, the use of LPG and oil could be replaced by solar water 
heaters and natural gas.
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Figure 5.30: D ifferences in hot w ater energy consum ption between Green and BaU Scenario
For three-star-hotels this option is easier to apply com pared to four and five-star- 
hotels, since they have less energy requirem ents to cover as their final energy 
consum ption is less than that o f  four or five star hotels.
L a u n d r y  s e r v i c e s
For the laundry facilities, reduction in electricity consumption could occur from the 
replacement of existing equipment with efficient one and the use of different types of towels 
than those already used. Recently, in many hotels the use of towels and bathrobes that are 
made from finer fibers of cotton are introduced. This would lead to a reduction of 20% in 
energy use in laundry facilities.
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Figure 5.31: Reduction in final energy consum ption in laundry services: G reen vs base year
In addition, there has been a significant decrease o f energy consum ption for drying, 
as these products absorb less w ater during w ashing and therefore need less time to 
dry. These products cou ld reduce electricity use for laundry services by alm ost 
22M W h.
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5.3 Environmental Effects
This section describes the CO2 emissions, from the total energy consumption of three-star 
hotels of the selected sample. Between the years 2007-2020 the emissions could be reduced. 
The reason is the penetration of natural gas and the replacement of oil with it in several 
services, such as heating and hot water. In addition, the replacement of the existing electrical 
equipment reduces the electricity consumption, since this type of equipment has lower 
electrical capacity. The consumption of 1 kWh of electricity is responsible for 1.1kg of CO2 
emissions (European Commission, 2007). These values are used as to remain the same over 
the next 10 years, since there is no plan to decarbonise the electricity generation and reduce 
the use of lignite power plants. Based on calculations for carbon factors of different fuels 
from the National Observatory of Athens(2006) I kWh of oil consumption is responsible for 
0.935 kg of CO2, the consumption of IkWh of natural gas is responsible for 0.206kg of CO2 
emissions and for LPG, IkWh is responsible for 0.310kg of CO2 emissions (National 
Observatory of Athens, 2006; European Commission, 2007).
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Figure 5.32: CO% em issions from  the BaU Scenario
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As Figure 5.32 shows three-star-hotels have high emission rates due to high usage of oil and 
electricity for the services previously analysed. As oil and electricity are expected to 
increase, this shows the importance of following a pattern that would reduce the final energy 
consumption and emissions. However, if there were no reduction in total energy 
consumption and only fuel switching from oil to gas there would be a large reduction in 
emissions.
Figure 5.33 shows the reduction in CO2 emissions between the Policy scenario and the 
Business as Usual scenario. Emissions, due to oil consumption could be significantly 
reduced if replaced with solar water heaters. In addition, this technology could also provide 
50% of the energy required for space heating as heating services typically use oil, LPG and 
in some cases natural gas. Oil covers the highest share in fuels and it is the most expensive; 
therefore this is the fuel that needs to be replaced urgently from SWH. As shown in the 
graph 5.33, reduction in emissions is important as well, since within one year the sample of 
hotels could reduce emissions by almost 60 tonnes of CO2 emissions. This results from 
several factors such as energy policy measures, changes in existing equipment with efficient 
ones, end-users behaviours, along with costs of fuels.
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Figure 5.33: C O 2 em issions reduction in Policy scenario vs Business as Usual scenario
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The electricity consumption could be significantly decreased as well from the measures of 
the policy framework. In the first year of the policy scenario, there is reduction of CO2 
emissions almost 10 tonnes and by the year 2020 there is almost 40 tonnes of CO2 emissions 
reduction. This result demonstrates again that the policy scenario is very effectual in services 
that operate with electricity since there are more services using it. Emissions from LPG 
consumption are the lowest, since this sector has the lowest share comparing to oil and 
electricity. The reduction, results from the replacement of LPG with natural gas in cooking 
facilities and hot water. By the year 2020, the reduction of emissions from LPG could be 
accounted to 20 tonnes. Figure 5.33 also demonstrates that there is a low increase in C02 
emissions due to the increase in the natural gas use. As previously stated, it is expected that 
natural gas would replace oil and LOG in certain services, but in terms of emissions the 
amount is still low, since it is the fuel with the lowest density per kg.
As Figure 5.34 shows, a reduction of almost 160 tonnes of C 02 emissions is feasible in the 
Green scenario. As mentioned earlier, this scenario is based on the policy scenario 
assumptions and it is examining the effect of further alterations that could occur in this 
selected sample of hotels.
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Figure 5.34: C O 2 em issions reduction in G reen vs Business as Usual scenario
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Electricity consumption has the highest reduction. The proposed measures and actions in 
both Green and Policy scenario could be very effective from this sample. Th is requires 
reduction in electricty use and oil consumption which leads to both cost and environmental 
benefits. These assumptions are considered effective in reducing consumption and CO2 
emissions and by the year 2020 the selected hotels could have a total reduction o f almost 180 
tonnes o f CO2 emissions is feasible compared to the Business as Usual.
5.4 Conclusion
This Chapter presented the statistical analysis of the data explaining the statistical 
significance of energy consumption under several factors. This process examined the 
statistical significance o f factors such as floor area, category of hotels, number of rooms and 
location. Firstly, the normality o f the data was tested using the Kolmogorov-Smirnoff test. 
Further than that, another set o f statistical tests was developed in order to define the 
statistical differences between the energy consumption in hotels within the same cluster 
using the Kruskal-Wallis test. Following to that, in order to define the differences between 
the hotels of the same clusters, the Mann-Whitney test was used. This process defined the 
factors that affect the energy consumption in Greek hotels using this selected sample of 
hotels. The use of statistical analysis helps to meet one of the main objectives of the research 
about the definition of the factors that shape the hotels’ energy performance. In turn the 
statistical analysis, the energy analysis for thiee-star-hotels is presented. The Business as 
Usual scenario shows that oil and electricty are the most common sources of energy. During 
the data collection, efficient lighting was used only by 10%, with the hoteliers stating that 
this share would increase. Additionally, the oil consumption is very high and is mainly used 
in heating services. The hoteliers stated that during the next 10 years this trend would 
change, as the use of natural gas would increase which by the time the data were collected it 
had a very low share. If the policy measures were applied in this sample, including the
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proposed assumptions the final energy cosumption could be reduced up to 30% by 2020. 
This result could occur by reducing the use o f oil consumption and repalcing it with natural 
gas, promoting the use o f efficient equipment and lighting in the facilities, including the 
installation in energy management systems and information to the employees and customers 
for rational use of energy. The Green scenario is an updated version o f the Policy scenario, 
with some additional propositions from other cases with succesful implementation of 
technologies and equipment that could reduce even more the final energy consumption. This 
scenario could realise a 35% reduction in final energy consumption, which is a 5% important 
on the Policy scenario. The success of this scenario lies on the total elimination of oil 
consuratpion, the use o f LED lights instead of fluorescent lights and the installation of solar 
water heaters for hot water and heating services. The combination o f these assumptions not 
only decreases CO2 emissions by up to 50% compared to the Business as Usual, but also 
contributes to the reduction o f energy costs.
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Chapter 6: Energy analysis in Four-Star-Hotels
6.1 Business as Usual
This scenario is developed under the current trend of energy use in 15 four-star hotels 
located in various areas around Greece. The 7 of them are located in islands and 8 in 
mainland, and the number o f rooms vary from 70- to 270. During the data collection, it was 
observed that the use of efficient lighting is expanded, and it is expected to grow 5 to 10% 
by 2020. Furthermore, the use of natural gas is estimated to climb approximately to 20% by 
2020. For the development of this scenario, the above hypotheses are considered, in 
combination with hypotheses from the Ministry of Development (2008), which concern the 
commercial buildings and the fuel use in them as hotels are part of this type of buildings. To 
add to the above, electricity use would increase with a 1.5% rate per year, oil consumption 
up to 3.5% and fuels used for hot water and heating services up to 3%. These assumptions 
are shown in Table 4.1 presented below.
Table 4.1 : Assumptions used in BaU scenario ___________________ ______________
Measurements to be implemented Business as Usual Scenario 
by 2020 in hotels
Efficient Lighting -28% electricity reduction in electricity use
Efficient electrical equipment -5% electricity reduction in electricity use
Natural Gas Penetration + 10% increase of natural gas use
Hypotheses
Use of electricity +1.5% growth of source use
Use of oil +3.5% growth of fiiel use
Hot water and heating services +3% growth in fuel used for these services
use
(Source: Ministry of Development, 2007)
As shown in Figure 6.1, laundry facilities are responsible for the highest energy consumption 
accounting for 220MWh in 2007. This is due to the high electrical capacity of the equipment 
used for washing and drying purposes. In addition, the daily average usage for laundry 
services in four-star-hotels has been extrapolated to eight-hour use. This is because the
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number of rooms varies from 60 to 250 and they require daily changes in bed-sheets and 
towels. In contrast to three-star-hotels, four-star-hotels have their own facilities for that 
purpose.
Refrigeration has with almost 140MWh, cooling services follow with almost 135MWH per 
year and hot water with 85MWh with a continuous growth in fuel use of 3% per year. The 
detailed analysis of each service and the fuels utilised, is given in the following sections.
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Figure 6.1: Final energy consum ption by service
Figure 6.2 displays the final energy consumption by fuel. This shows that the highest share 
comes from electricity use, due to the multiple services that use electricity. Oil, natural gas 
and LPG consumption are expected to increase by 2020.
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Figure 6.2 : Fuel consum ption in four-star-hotels: B usiness as Usual
According the hoteliers’ statements, they would prefer the replacement of LPG with natural 
gas in cooking services that are operating with LPG, as presented in Chapter 8 .
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LIGHTING
Lighting is responsible for the 8% of the total energy consumption in four-star-hotels. This 
amounts to 70MWh for the base year 2007. Lighting is used in all areas of the hotel, both 
indoors and outdoors. Hoteliers recognise that the replacement of existing lights with 
efficient lighting systems could reduce the electricity consumption for this service. That 
trend could eventually bring a decrease in electricity consumption by lOMWh within the 
first three years and reach up to 15MWh by 2020, as shown in Figure 6.3.
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Figure 6.3: Final energy consum ption in lighting in four-star-hotels: B a ll Scenario
Hotel owners and managers consider efficient lighting very valuable for their facilities. They 
apply them mainly in the reception areas, gardens and outdoor areas. The year 2007, 
efficient lighting covers almost 35% of the total lighting used in the buildings.
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COOKING
Cooking is responsible for almost 10% of the total energy used in the building. Total energy 
consumption in this service is about 955 MWh for the year 2007 (see Figures 6.1 and 6.4). 
On average, four-star-hotels offer two meals per day; hence the kitchen facilities are used 
daily for about 12 hours. During the data collection, hotel owners or managers stated that the 
number of rooms does not play a role in the average usage of the kitchen facilities. This 
clearly indicates that there is stable energy consumption during the whole year, regardless of 
the occupied rooms.
Cooking facilities use multiple fuels. LPG and natural gas are the most commonly used in 
four-star-hotels, accounting for 35% and 40% respectively of the total fuel share. Electricity 
accounts for 25% of the total share. The kitchen stoves operate mainly with LPG and natural 
gas, and the rest of the equipment runs on electricity. The electrical equipment includes 
coffeemakers, electric knives, and microwaves. During the data collection it was observed 
that even when the equipment was not in use, most were left on, or on stand-by, proving the 
employers’ cavalier attitude towards energy use and lack of awareness.
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Figure 6.4: Final Energy consum ption for cooking in four-star-hotels: B a ll Scenario
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This attitude shapes the final energy consumption in cooking services in four-star hotels. 
LPG and natural gas are commonly used in four-star-hotels, covering 35% and 40% 
respectively of the total fuel share. Hoteliers stated that the existing electrical equipment 
used for cooking purposes is not expected to be replaced with efficient ones. On the other 
side, LPG stoves would be replaced in some cases with natural gas stoves. This trend would 
increase the use of natural gas in this service by 10%, reduce and consequently the use of 
LPG.
REFRIGERATION
Refrigeration in the kitchen has been included in the calculation of the cooking services 
given above. However, smaller capacity refrigerators and freezers are placed elsewhere in 
hotels. All rooms have small mini-bars with total energy capacity o f 75W to 90W. 
Furthermore, refrigerators and freezers are used in the lounge areas and restaurants of hotels. 
This equipment has lower capacity compared to those in the kitchen, but they are still 
responsible for considerable amounts o f electricity per day, because of their large number. 
On average, four-star-hotels have four or five refrigerators and freezers in bars and 
restaurants, in addition to those in the kitchen, with a capacity 0.4kW and total daily 
consumption around 25kWh. The highest capacity is in the kitchen equipment reaching 
almost lOkW.
139
Data Variable; Final Energy Consumption 
Scenario: Ball
130
120
110
100
90
80
70
60
50
40
30
20
10
2007 2000 2009 2010 2011 2012 2013 2014 2015 2015 2017 2018 2019 2020
Years
Figure 6.5: Final energy consum ption in refrigeration for four-star-hotels: B a ll Scenario  
The final electricity consumption for refrigerators is displayed in Figure 6.5, for the year 
2007, thus amounted to almost 135MWh. A small decrease of 15MWh is observed in 
consumption by 2020 as a result of efficient mini-bars in rooms as those can be easily 
replaced. As with three-star-hotels, the replacement of the large refrigerators with efficient 
ones, is very difficult as a major retrofit is needed to install new equipment. Hoteliers 
expressed reluctance to replace the equipment outside the kitchen for both cost and aesthetic 
reasons. The design of the refrigerators to match their surrounding environment makes their 
replacement difficult. As hotel managers and owners stated 'our customers are very 
interested in the appearance o f  our facilities except o f the services offered to them ’, implying 
that they give importance to the appearance of their facility. In addition one hotel manager 
noted that four-star-hotels have a distinctive characteristic compared to three and five-star- 
hotels. Five-star-hotels are very luxurious and can meet the needs of any customer who can 
afford the cost. On the other hand, three-star-hotels cater for a wide range of customers who 
require fewer services in their stay. Four-star-hotels are in between these two; therefore, they 
could be closer to three star-categories or closer to five-star-category depending on the 
services they offer. Therefore 'the competition is very high between us, since there are
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numerous facilities offering a wide range o f  services, in varied prices, we have to be 
different in detail, and the detail lies on the hotel’s appearance ', the managers added.
From the above discussion it can be seen that the hoteliers are highly to replace mainly the 
mini-bars/freezers in rooms, with efficient ones. This could reduce the total energy 
consumption for this service almost lOMWh by 2020.
HOT WATER
Hot water is one of the most important services in a hotel. The fuels used to produce hot 
water are LPG, natural gas, oil and solar energy. The Ministry of Development expects an 
annual increase of 3% by 2020, mainly by growth in oil and natural gas use. Figure 6.6 
illustrates that for the year 2007 the total energy consumption in hot water is almost 65M Wh, 
increasing to almost lOMWh by 2020.
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Figure 6.6: Final energy consum ption in hot w ater for four-star-hotels: B a ll Scenario
Natural gas is the main fuel used, covering 35% of the total. Oil is also used to meet hot 
water needs accounting for almost 25%. It is quite unusual for solar panels to cover only 
15% of the total fuel share. In three-star-hotels, the lack of large areas on rooftops was the 
explanation for no further applications of solar thermal panels; in four-star-hotels is more
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preferable. Hotel managers believe that the cost of replacing oil and LPG with solar panels to 
produce hot water would increase energy costs. There is a lot of doubt and discussion over 
the reliability of a solar thermal panel. Therefore, it comes as no surprise that the share of 
thermal panels is anticipated to remain stable over the coming years, while oil, LPG and 
natural gas are expected to increase.
LAUNDRY FACILITIES
Laundry facilities are typically located in the hotels. The daily usage of this equipment is on 
average 12 hours. In four-star-hotels, usually there are two washing machines and two 
dryers. The capacity of each one is on average 5kW. Daily electricity consumption is 
approximately 120kWh for this service and 240MWh per year. It can be seen from the 
Figure 6.7 that electricity consumption could be decreased 40MWh by 2020.
Data Variabla: Final Enargy Cenaumpbon 
Scenario; Ball
240  
220 
200 
180 
160  
^ 140  
i  120 
100 
80  
60  
40  
20
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020Year*
Figure 6.7: Final energy consum ption in laundry facilities for four-star-hotels: BalJ Scenario
An annual replacement of existing equipment (almost 5%) is estimated to occur (Ministry of 
Development, 2008). It is essential to note that there is already efficient equipment used, 
covering 30% of the total equipment used for laundry facilities. For this service, energy 
savings could occur, if the existing equipment was replaced. The major obstacle is co s t.
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HEATING
Heating services shape the energy profile for buildings differently due to the multiple use of 
fuels used. Heating is responsible for almost 120MWh of consumption per year and this is 
expected to increase by 3%per year by 2020.
18 0
Final Energy C onsum ption  in Heating 
-------------------- Sce nario; Ba l l---------------------
2 0 0 7  2 0 0 8  2 0 0 9  2 0 1 0  2 0 1 1  2 0 1 2  2 0 1 3  2 0 1 4  2 0 1 5  2 0 1 6  2 0 1 7  2 0 1 8  2 0 1 9  2 0 2 0
Y ears
■  E le c tr ic ity  ■  N a tu ra l gas ■  LPG ■  oil
Figure 6.8: Final energy consum ption in heating for four-star-hotels: BalJ Scenario
For the base year 2007 oil consumption is responsible for 30% of the total share, LPG 22%, 
electricity 28% and natural gas 20%. The changes in the energy consumption as displayed in 
Figure 6.8 are due to the hoteliers desire to replace LPG with natural gas. The share in 
electricity consumption derives from the electrical heating units that are included in the 
rooms. This happens in the cases that the heating installation is inefficient and therefore 
rooms are not properly heated. However, this service is also awaited to be replaced from 
efficient. This change could reduce the electricity consumption for heating by almost 50%, 
requiring increased costs of replacement. Hence, the best case would be to eliminate the 
electricity use in heating and cover this share with alternative fuels. This action would 
require a total renovation of the existing heating system, an expensive option.
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COOLING
Typically air-conditioning in the hotels is used during the period of May to September and as 
shown in Figure 6.9 accounts for more than 130MWh of electricity consumption annually. 
The air-conditioning usage is based mainly to the usage from customers during their stay in 
the rooms. Therefore, the electricity consumption is not controlled from the main 
installations of the building, in contradiction to the heating facilities. Hence, discussions with 
a few customers and the hotel owners and managers revealed that the daily usage of air- 
conditions in rooms is estimated from 5 to 6 hours per room.
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Figure 6.9: Final energy consum ption in cooling for four-star-hotels: B all Scenario
The energy capacity per equipment apart from rooms varies from 2kW to 4kW depending on 
the hotel. Thus the daily energy consumption varies from 12 kWh to 24 kWh. It is important 
to note that the share of efficient equipment used is very low; only 12%, as appeared from 
the data collection. However, following the last governmental measures, efficient air- 
conditions could replace old equipment when the latter one is returned, hence reducing the 
cost of the new installed equipment. Although this government measure led to the 
replacement of old equipment with efficient ones, the level of penetration is still low. The 
reason for this is that the new replacements require a construction process to de-attach the 
existing equipment and attach the new one which makes it an even more demanding task to
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deal with in full season periods. Therefore, hoteliers are more likely to proceed with the 
replacement of the efficient equipment gradually per year, which is also reflected in the 
model.
OTHER
This section includes all the other services in the hotel. The energy consumption in pools is 
mainly included along with small equipment used in lounge areas. In a few hotels this 
section includes gym facilities. It is important to note that the fuel consumed is electricity, 
therefore, a possible application of efficient equipment could be applied in the Business as 
Usual Scenario, since there are all conventional equipment. Moreover, the electricity 
consumption reaches almost 80 MWh in total for the selected cases per year, as depicted in 
Figure 6.10.
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Figure 6.10: Final energy consum ption in other services and areas in four-star-hotels
However, an effort to reduce electricity use in this service would be mainly the promotion of 
efficient equipment. This action would reduce electricity consumption by almost lOMWh by 
2020 .
145
6.2 Policy Scenario
This section incorporates the results of the policy scenario. This scenario is developed 
considering the measures of the Greek National Action Plan and the EU Directives, 
elaborated in Chapter 4. The assumptions and hypotheses selected for the development of 
this scenario are presented in Table 4.2 of Chapter 4.
Table 4.2: Assumptions for Policy scenario
Measurements to be implemented by 2020 in Policy Scenario
hotels____________________________________________________________________________
Efficient lighting__________________________ -70% reduction of electricity consumption
Electrical efficient equipment in cooking, -15% to -20% reduction of electricity
laundry facilities, refrigeration and A/C consumption by 2020
Solar thermal panels for buildings over 40% decrease of energy consumption for
100Qm2 heating and hot water
Thermal insulation -5% reduction in energy consumption in
heating
-5% reduction in electricity consumption 
Renewable energy technologies installation -20 to -  30% reduction in total energy
consumption
Information for rational use o f energy in the -2% reduction of electricity consumption
building
Energy Management Systems -5% reduction of electricity consumption
Natural Gas Penetration +20% increase
Hypotheses
Use o f electricity +1.5% growth o f source use
Use of oil +2.5% growth o f fuel use
 Hot water and heating services use_______ +3% growth in fuel used for these services___
(Source: Ministry of Development, 2007)
Under these assumptions and hypotheses the final energy consumption is shaped as 
displayed in Figure 6 .11.
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Figure 6.11: Final energy consum ption in four-star-hotels in the Policy scenario
The first observation from the figure above is that from the first year of the scenario, there is 
a significant reduction in the final energy consumption. Between 2007 and 2008 the final 
energy consumption is reduced by almost 150MWh. The following sections analyse the 
results for each service separately, demonstrating the differences in energy use between the 
Policy and the Business as Usual scenarios. Figure 6.12 shows the total reduction in energy 
consumption from the Business as Usual scenario.
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Figure 6.12: D ifferences betw een Policy and BaU Scenario
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For the year 2008, the first year of the implementation of the policy assumptions, the final 
energy consumption is reduced by almost 200MWh. This shows that the measures are 
effective as they have an immediate impact on reducing final energy consumption.
Fuel Consumption In four-star-hotels: Green Scenario
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Figure 6.13: Fuel consum ption in four-star-hotels: Policy Scenario
Figure 6.13 shows that by 2020 the Policy scenario could be very effective in reducing 
electricity consumption by approximately 250 MWh. This is important in terms of energy 
costs and environmental effects. Further, the increase of natural gas could reduce the use of 
LPG and oil. Furthermore, as the same Figure demonstrates, the promotion of solar thermal 
heaters and water heaters could play a significant role in the decrease of oil and LPG.
LIGHTING
The use of efficient lighting would reduce electricity consumption by 20%, since after 2010 
only efficient lighting would be provided in the market. As shown in Figure 6.14, electricity 
consumption for lighting could be decreased by 35MWh by the year 2020. In this result, the 
efficient lighting is not the only measure considered. Energy management systems would 
control the use of lighting when they are left switched on, reducing electricity consumption 
for this service by 2% per year. However, this option does not take into account the hoteliers 
opinion, but it is considered obligatory, as the policy framework indicates. However, as will 
be further elaborated in Chapter 8, hoteliers expressed the opinion that if the policy 
framework was a clear and realistic it can be applied.
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Figure 6.14: Reduction in final energy consum ption in lighting: Policy vs base year  
During the research all the hotels investigated use efficient lights in reception and outdoors 
areas, but not in the guest rooms. The hoteliers stated that since efficient lights are more 
expensive, they are not applied in all areas. This opinion as well as the assessment, which 
demonstrates the changes in energy costs, is thoroughly examined in Chapter 8.
COOKING
Four-star-hotels offer at least two meals during the day. The cooking facilities are switched 
on or in stand by mode even when they are not in use. Hoteliers agreed that their employees 
should be informed about the rational use of energy. Measures in the policy framework 
required this for all commercial buildings as it would reduce the total energy consumption by 
2% per year. For cooking, natural gas has the highest share approximately 40% increasing to 
60% by 2020. LPG and electricity have a significant share as well, 35% and 25% 
respectively. By the end year 2020, the share of LPG is expected to be replaced with natural 
gas.
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Data Variable: Final Energy Consumption
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Figure 6.15: Reduction in final energy consum ption in cooking: Poicy vs base year
Figure 6.15 shows that applying these measures could possibly save up to 17MWh by 2020. 
The assumptions presented in Table 4.2 also change the fuel share of this service as shown in 
Figure 6.16.
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Figure 6.16: Final Energy C onsum ption by fuel in C ooking: Policy Scenario
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REFRIGERATION
As previously mentioned in the Business as Usual scenario, the replacement of refrigeration 
with efficient is easier to be applied in rooms. The policy measure for energy efficient 
equipment is adjusted in the LEAP model to be applied in hotels. The result is significant, as 
Figure 6.16 demonstrates, since by the year 2020 the increased level of penetration would 
have reduced electricity consumption by almost 50MWh.
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Figure 6.17: Reduction in final energy consum ption in refrigeration: Policy vs base year
The replacement of efficient mini-bars in rooms and in bars and restaurant areas, where 
autonomous units are used, could reduce electricity consumption by 30MWh by 2020. The 
National Action Plan supports the introduction of this new equipment and aims at 50% of the 
equipment used in the buildings of the tertiary sector to be efficient. The policy promotes the 
use of efficient equipment in order to reduce the use of electricity consumption in 
combination with other measures such as information on rational use of energy and energy 
management systems, which are possible to be applied.
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HOT WATER
Hot water is one of the most important services in hotels. It is used in guest rooms, in the 
kitchen and laundry and in a number of cases in leisure. Hot water is responsible for 12% of 
the total energy consumption in the hotels of this category. For the development of the 
scenario, the assumptions considered are the growth of oil use of 2.5% by 2020 in buildings 
of the commercial sector, the increase of fuels in heating and hot water 3% per year and the 
following measures of the policy framework. The first measure considered, is the 
compulsory implementation of solar water heaters reducing the energy consumption in hot 
water by 10% by the year 2020 .
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Figure 6.18: Reduction in final energy consum ption in hot w ater: Policy vs base year  
However in this research hot water covers only 9% of the total energy consumption. It is 
important to note that the policy framework does not include specific information on the 
capacity of kW of solar thermal panels that are required for installation in order to cover the 
hotels’ needs.
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Figure 6.19: Final Energy C onsum ption in hot w ater by fuel: Policy Scenario
The fuel share of this service is presented on Figure 6.19. The policy framework aims to 
reduce oil and LPG use by solar panels or natural gas. The share of solar energy is only 15%, 
natural gas is 40%, oil is 25% and LPG 20% in the base year 2007. The main aim of the 
policy framework is to reduce the use of oil and LPG as much as possible by increasing the 
use of solar energy and natural gas. Figure 6.19 demonstrates that the proposed measures 
could contribute significantly in reducing energy consumption by almost 50MWh by the end 
of 2020 .
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LAUNDRY
From Figures 6.1 and 6.20, it can be seen that laundry facilities have the highest electricity 
consumption, reaching up to 240MWh, compared to all other services. It is important that 
measures are taken to reduce this amount. For that purpose, the use of electrical efficient 
equipment is the main action. The rational use of energy by the employees that operate the 
equipment and the installation of energy management systems could be also considered. The 
results of a potential implementation of these measures are shown in Figure 6.20.
Data Variable; Final Energy Consumption 
Scenario: Policy vs. Base Year
-5
-10
-15
i ”
-30
-35
-40
-45
2007 2006 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Years
Figure 6.20: Final energy consum ption in laundry facilities: Policy vs base year
Figure 6.20 displays that these measures could be very effective and should reduce the 
electricity consumption by approximately 30MWh from the first year of implementation. 
However, the hoteliers’ obligation is to introduce a process in order to engage the employees 
in for rational use of the equipment reducing consequently energy consumption. Hoteliers’ 
believe that even if they follow all the suggested actions of the policy framework, the most 
difficult part is to engage their employees. They stated that trained people that would be able 
to inform properly the employees in order to have the desired results are required. Following 
that, they expressed the belief that this action is part of the governmental policy and it would 
be very effective if it was applied.
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HEATING
Heating is responsible for approximately 120MWH in the selected hotels. The policy 
framework includes measures that would improve thermal insulation reducing heating losses 
by 2% per year. In addition, the installation of solar thermal panels could reduce energy 
consumption by almost 10% per year.
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Figure 6.21: Reduction in final energy consum ption in heating: Policy vs base year  
With this technology, oil could be replaced and the environmental effects significantly 
reduced. For the same reason, it is important to increase the use of natural gas. Figure 6.19 
displays that these measures could reduce the energy consumption in hotels’ heating services 
by almost 40MWh by 2020. According to the policy framework the use of solar energy 
could reduce the use of oil and LPG by 50%. In addition, the use of natural gas is expected 
to grow and replace also a significant share of oil consumption. The fuel share is displayed 
in Figure 6.22. This figure shows that the use of solar thermal panels could reduce the use of 
LPG and oil by half. Electricity would be reduced as well due to the replacement of the 
equipment used, since electrical heating equipment is used in order to cover the inefficient 
performance of the central heating.
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Figure 6.22; Final E nergy C onsum ption by fuel in Heating: Policy Scenario
COOLING
Cooling services are responsible for 130MWh of electricity consumption. These measures 
integrate the use of efficient equipment which reduces the electricity consumption in the 
building by 10-20% per year. In addition, thermal insulation is taken into consideration since 
it prevents heating losses. Moreover, information about rational use of energy in buildings, 
could prevent excessive electricity consumption. Hoteliers support that appropriate signs in 
the rooms could stimulate the customers’ interest in switching-off the equipment while they 
are not using them.
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Figure 6.23:R eduction in final energy consum ption in cooling: Policy vs base year
As displayed in Figure 6.23, the electricity consumption is reduced significantly from the
base year 2007 to the target year 2020. If these measures are applied in hotels then the
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electricity consumption in cooling equipment would be reduced by approximately 35MWH 
from the first year of application and 50MWh by 2020.
OTHERS
The main fuel used in this section is electricity and the type of equipment is not electrical 
efficient. The main measures considered in this service concern the promotion of efficient 
electrical equipment. The information in rational use of energy, and the use of energy 
management systems could reduce electricity consumption by 6MWh from the first year of 
application and 16MWh by 2020, as Figure 6.24 indicates.
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Figure 6.24: Reduction in final energy consum ption in other services: Policy vs base year
Promoting the utilisation of efficient equipment is what this service lacks, but it is definitely
required for change.
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6.3 Green Scenario
This scenario is developed under the policy scenario with several additional applications. 
These applications have been previously presented in Table 4.3, are reproduced below as 
well.
Table 4.3: Action and hypotheses for Green Procurement scenario _____  ________
Action to be taken by 2020 in hotels_________ Green Procurement Scenario_____________
Installation of solar hot water systems Total replacement of oil and LPG for hot
water
Eco-products in laundry facilities -10 to -20% reduction of electricity use in
drying
-20% reduction of electricity use in 
washing
Waste decomposition equipment -Provide heating and reduce oil use in the
building by 50%, (applicable to buildings 
with more than 100 rooms)
Full replacement of conventional lighting -75% reduction in electricity consumption
in lighting
Installation of lighting sensors -15% reduction in total electricity
consumption
Include also the measures o f  the policy 
scenario
Electrical efficient equipment in cooking, -15 to -20% reduction of electricity
laundry facilities, refrigeration and A/C consumption by 2020
Solar thermal panels for buildings over 40% to 50% decrease of energy
1000m2 consumption for heating and hot water
Thermal insulation -5% reduction in energy consumption in
heating
-5% reduction in electricity consumption 
Renewable energy technologies installation -20 to -  30% reduction in total energy
consumption
Information for rational use o f energy in the -2% reduction of electricity consumption
building
Energy Management Systems -5% reduction o f electricity consumption
Natural Gas Penetration +20% increase
Use o f electricity +1.5% growth of source use
Use o f oil +2.5% growth of fuel use
Hot water and heating services use +3% growth in fuel used for these services
Source: Green Hotels Association website, (2009)5 Ministry of Development, (2008)
The added interventions concern small but practical changes that would further reduce their
energy consumption. These actions concern four areas where further reduction is possible;
lighting, heating, laundry and hot water. Figure 6.25 displays how the total energy
consumption is changed by these interventions.
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Figure 6.25: Reduction in final energy consum ption in four-star-hotels by service: G reen vs base year
Compared to the Business as Usual, the Green scenario is expected to be very effective in 
energy reduction and changes in the types of fuels used. An overall reduction for the sample 
could reach 260MWh by the year 2020. Implementation of this type of measures in all four- 
star hotels would offer significant reductions in energy consumption and CO2 emissions. 
Laundry facilities are expected to have significant reductions. The main reduction is the 
amount of electricity used. Laundry facilities and lighting are expected to have the highest 
reduction in energy consumption.
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Figure 6.26: Fuel consumption in four-star-hotels: Green scenario
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Figure 6.26 demonstrates the fuel use in the Green scenario. It shows that electricity 
consumption could be reduced lOMWh more than the Policy scenario. Furthermore, it is 
displayed that the use of oil and LPG could be reduced up to 50% compared to the Business 
as Usual scenario. This reduction in the total fuel share also meansa significant reduction in 
environmental effects.
LIGHTING
Figure 6.27 shows the reduction in electricity consumption for lighting could be almost 50% 
by 2020, using the measures included in both policy and Green scenario. The Green Scenario 
proposes the full replacement of conventional lighting and the installation of lighting sensors 
in guest rooms. It is expected that by 2020 full replacement of existing lighting systems 
would offer a 75% reduction in the total electricity consumption and lighting sensors a 
further 15% reduction. The total reduction in electricity consumption for lighting could reach 
approximately 45MWh by 2020.
Data Variable: Final Enargy Consumption 
Scenario: Green Scer>arlo vs. Bate year
•10
•15
 ^ -20
•25
•30
-35
•40
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Years
Figure 6.27: Reduction in final energy consum ption in lighting :Green vs base year
HOT WATER
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The Green scenario includes a total replacement of oil and LPG for hot water needs 
replacing the oil and LPG. However, even if this measure was effective, hoteliers are still 
worried about applying them along with solar panel systems. The reason is the high cost of 
installation and the requirement of large areas on their rooftops to place the panels. 
Hoteliers’ opinion is further elaborated in detail in Chapter 8 . As shown in Figure 6.28 a 
reduction in energy consumption of 60MWh compared to the base year is expected.
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Figure 6.28: Reduction in final energy consum ption in hot w ater: Green vs base year
The assumptions in this scenario aim at completely reducing the use of oil and LPG use in
this service through the use of solar thermal heaters. The cases that follow this trend have
successful energy performance eliminating the use o f these two fuels. The energy profile of
the selected hotels following this assumption could have the fuel mix presented in Figure
6.29.
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Figure 6.29: Final Energy C onsum ption by fuel in hot water: G reen Scenario
HEATING
Figure 6.30 displays the changes in the final energy consumption for heating. This result is 
based on the assumption that solar thermal systems are installed in the building so then by 
2020 energy consumption reduction in heating could reach almost 90MWh.
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Figure 6.30: Reduction in final energy consum ption in heating: Green vs hase year  
Note that from Table 4.3, in Chapter 4, there is one further assumption considered in this 
scenario. This is the installation of waste decomposition equipment. This could provide 
additional heating in the building and could reduce oil use almost 50%. In addition, it is 
appropriate for hotels that have more than 100 rooms. The majority of four-star-hotels in
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Greece, have from 70 to 270 rooms, therefore, this equipment could be used in a majority of 
them. However, the response o f the hotel managers and owners when asked about this 
possibility of applying this type of equipment was negative. Therefore, this measure has not 
been included in the data analysis. The lack of information on new technologies makes the 
hoteliers reluctant to install them as they are not familiar with the cost of installation and 
their effectiveness. Therefore, the hoteliers’ opinions are the most significant factor. The fuel 
share of heating services under the assumptions considered for this scenario is presented in 
the Figure 6.31.
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Figure 6.31: Final Energy C onsum ption by fuel in heating: Green Scenario
LAUNDRY
Figure 6.32 shows the results for the laundry facilities, including the assumptions of the 
policy scenario and the reductions from the use of eco-products in washing and drying 
services. These measures could offer a further 10 to 20% reduction in electricity 
consumption. Note that hoteliers’ were very eager to collect further information about this 
new modification in the laundry facilities.
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The implementation of eco-products with the use of efficient equipment could reduce energy 
consumption by approximately 70MWh by 2020. This is a very significant result for the 
reduction of energy consumption and CO2 emissions.
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Figure 6.32: Reduction in final energy consum ption in laundry services: G reen vs base year
The assumptions considered for the development of the scenarios shape differently the final
energy use in each service. Consequently, the total energy consumption for each facility is
affected. The three scenarios are used to demonstrate the effectiveness of the existing
legislation and the value of lessons learned that could be applied from other hotels. The
results show that the policy scenario is very effective as from the first year of application,
energy use could be reduced by almost 260MWh, with a final reduction of nearly 340MWh
by 2020. The Green scenario is even more effective by making a few alterations in the four
services mentioned earlier, a further reduction of lOMWh can be made compared to the
policy scenario could be achieved per year. The reduction in energy consumption means
considerable reduction in CO2 emissions as well. The following section demonstrates the
reduction in emissions from the Policy and the Green scenario compared to the Business as
Usual scenario.
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6.4 Environmental Effects
Figure 6.33 displays the reduction in CO2 emissions comparing to the base year 2007. The 
emissions reduction from oil consumption are reduced significantly between 2007 and 2008, 
when the installation of solar thermal panels is assumed. This technology could replace 50% 
of the energy required for heating. As analysed in section for heating services, energy 
requirements are covered from oil, LPG and in some cases from natural gas. Oil 
consumption is the highest in fuel share and the most expensive; therefore, this is the fuel 
that could be replaced from solar thermal panels. As observed in the following graphs, 
reduction in emissions is important as well, since within one year the hotels could reduce 
emissions by almost 180 tonnes by 2020. This reduction derives from the replacement of oil 
with natural gas in hot water services mainly.
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Figure 6.33: C O 2 em issions reduction in Policy scenario
Both electricity consumption and C 02 emissions are reduced significantly from the 
measures of the policy framework as well. The first year o f the policy scenario, CO2 
emissions are reduced almost 10 tonnes and by 2020 almost 130 tonnes. This result 
demonstrates that the policy scenario is more effective in electricity consumption. Emissions 
from LPG consumption are the lowest since the policy framework does not propose 
measures for services that operate with this fuel. However, there are reduction from the
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replacement of LPG with natural gas in cooking facilities and hot water. By 2020 emissions 
are reduced by almost 10 tonnes.
The reduction in emissions from the Green scenario is depicted in Figure 6.34. The results 
are expected since the reduction in energy consumption leads to reduction in emissions. The 
Green scenario is based on the same assumptions of the policy scenario with some additional 
interventions, which was previously analyse. Figure 6.34 demonstrates that the Green 
scenario reduces energy consumption more than the policy scenario, similarly emission 
reductions would be also higher.
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Figure 6.34: CO j em issions reduction in G reen scenario
The reduction in C 02 emissions in the Green scenario could reach up to 220 tonnes, which 
is 40 tonnes more than the policy scenario. This result displays the importance of the Green 
scenario for energy reduction and environmental effects.
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6.5 Conclusion
In this Chapter the results of the three energy scenarios on four-star-hotels have been 
presented. The business as usual scenario shows increase in energy consumption by 2020. 
This would be expected as without policy interventions the energy consumption would grow. 
The fact that hoteliers have been making efforts for the past five years to reduce the energy 
costs by using efficient lighting and electrical efficient equipment, has lead to reductions in 
electricity consumption. On the other hand, the use of oil and LPG is increasing. The policy 
scenario is based on the existing legislation and the use of efficient lighting and electrical 
equipment, solai* thermal panels and natural gas for hot water and the reduction of the use of 
oil and LPG. For this scenario, the hoteliers’ intentions to adopt the proposed measures 
needs to be considered. The Green scenario development is based on the assumptions used in 
the policy scenario, but with several examples o f good environmental practice from hotels 
around the world. This scenario demonstrates the importance of considering these good 
practices. The importance of this scenario lies on the fact that even small changes in hotels 
operations’ could offer significant reduction in energy costs and consequently emissions. As 
a final remark, the hotelier’s opinion plays the most significant role in applying the proposed 
measures. They require specific actions to be taken such as appropriate training for their 
employees and information about the cost of this type of investments and payback period. 
For that reason, their opinions are further elaborated in Chapter 8, including also an 
economic assessment in energy efficiency measures and renewable technologies that are 
available for application in hotels.
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Chapter 7: Energy analysis in Five-Star-Hotels
This section elaborates the Business as Usual scenario for a selected sample of five-star- 
hotels. The scenario has been developed hoteliers’ intentions and actions for reduction in 
their facilities’ energy consumption. Namely, the alterations include the use of efficient 
lighting with low penetration, the use o f efficient electrical equipment and replacement of 
obsolete and inefficient and an increase in natural gas use by replacing other fuels such as 
oil, LPG, and electricity all responsible for high environmental effects.
7.1 Business as Usual Scenario
The assumptions considered for the scenario development are the growth in fuels used for 
different services. Electricity usage is expected to increase 1.5% annually, in the buildings of 
commercial sector by 2020 (Ministry of Development, 2008). In addition, the use of natural 
gas is expected to increase almost 20% by 2020, and the oil use by 3.5% by 2020. In 
addition, 5% of increase in use is applied in the replacement of efficient equipment as well. 
The assumptions are presented in the Table 4.1 in Chapter 4, have been also reproduced 
here.
Table 4.1; Assumptions used in Ball scenario
Measurements to be implemented by Business as Usual Scenario
2020 in hotels
Efficient Lighting -28% electricity reduction in electricity use
Efficient electrical equipment -5% electricity reduction in electricity use
Natural Gas Penetration +10% increase of natural gas use
Use of electricity +1.5% growth of source use
Use of oil +3.5% growth of fuel use
Hot water and heating services use +3% growth in fuel used for these services
(S ource: M in is try  o f  D eve lo p m en t, 2007)
The combination of these assumptions gives to the following results, which are presented by 
service and by fuel from year 2007 to 2020. Figure 7.1, displays the final energy 
consumption in five-star-hotels, to be 1900MWh in 2007, using the previously mentioned 
assumptions, reaching up to 50MWh reduction per year by 2020.
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Figure 7.1: Total final energy consum ption by service in five star hotels
Figure 7.2 displays the fuel consumption in five-star-hotels. The highest amount comes from 
electricity consumption. Contrary to three and four-star-hotels the use o f natural gas has 
higher than oil, as natural gas is used for heating and hot water services.
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Figure 7.2: Fuel consum ption in five-star-hoteis: B a ll Scenario
LIG HTING
Currently some 25% of lighting is efficient in five-star-hotels. If this were to lighting 
increase by 5% per year, electricity consumption could be reduced by almost lOOMWh by 
2020 (see Figure 7.3). Note that on these hotels efficient lighting is used mainly in outside 
and the reception areas. In the majority of the selected cases, there are 14 to 20 spotlights in
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each room. During the data collection, hotel managers and owners stated that the 
replacement of existing lighting with efficient ones is in their immediate plans.
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Figure 7.3: Final energy consum ption in lighting in five star hotels
COOKING
Five-star-hotels offer three meals per day giving 12 hours per day duty cycle for equipment. 
There is electrical equipment in the kitchen that even when it is not in use, it remains on 
stand-by mode for more than four hours. Cooking stoves operate with natural gas or LPG. 
Their capacity varies between 10 to 12 kW, with approximately 8 hours usage per day. The 
hoteliers have indicated that they are willing to replace LPG-stoves in the coming years with 
more recent ones that operate with natural gas.
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Figure 7.4: Final energy consumption in cooking in five-star-hotels: BaU scenario
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There is a mixture of fuels consumed for this service. Estimations have shown that natural 
gas usage would increase approximately by 10% by 2020 if efficient equipment is used in 
the kitchen.
REFRIG ERATION
Refrigeration is part of the kitchen facilities, with increased electricity consumption. The 
results in Figure 7.5 display that in 2007 260MWh of electricity was used. Freezers and 
refrigerators in the kitchen are also included. The energy capacity of this equipment varies 
from 15 to 18kW, with an estimated average daily use of 12 hours. As mentioned previously, 
all hotels in this research have their daily energy consumption is estimated to 12hours. This 
equipment operates with thermostats that control the temperature. When a specific 
temperature is reached, then the equipment retains this temperature for almost 12 hours. It is 
essential to note, that this type of equipment is not efficient, and according to hotel 
managers, there is no intention of replacing them soon.
In the same calculation, the mini-bars in the rooms are also considered. Every room has one 
mini-bar, which varies from 0.45W to 0.90W.
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Figure 7.5: Final energy consumption in refrigeration
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They are not efficient and the hotel managers stated that they would consider their 
replacement with efficient equipment only if they are sure about their effectiveness. This 
opinion is further elaborated in Chapter 8 . Equipment that they are willing to update is the 
refrigerating equipment in the bars and restaurants. The number of equipment varies from 6 
to 8, with energy capacity IkW. If they are replaced, the electricity consumption would be 
reduced by to 30MWh by 2020 (see Figure 7.5).
HOT W ATER
Figure 7.6 shows the final energy consumption in hot water facilities. According to the 
estimates of Ministry of Development, fuel use in hot water and heating services is expected 
to increase 3% in commercial buildings by 2020. Under this assumption, energy 
consumption is expected to be reduced to 85MWh.
Hoteliers noted that they would support the use of natural gas instead o f LPG. The use of oil 
however, is not expected to decrease. This is because the heating and hot water services are 
operating dependently; therefore, this change would require an immediate alteration with 
long-term construction work in the building.
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Figure 7.6: Final energy consumption in hot water in five-star-hotels: Ball
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LAUNDRY
The equipment used is modern with its electrical capacity varying from 8kW to 12kW. The 
daily average usage of laundry and drying equipment is 8 hours. The hoteliers stated that 
they would be interested in using efficient equipment, but they are concerned about its 
effectiveness. Only 20% of the electrical equipment is efficient. The replacement of existing 
equipment with efficient ones is expected to be very slow.
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Figure 7.7: Final energy consum ption in laundry facilities: five-star-hotels in B a ll
New electrical efficient equipment is anticipated to replace the existing ones only by 5% per 
year. This assumption is based on the estimates of the National Action Plan for Energy 
Efficiency and it is the lowest share that could be applied in commercial buildings. Under the 
above considerations, electricity consumption could be reduced almost 20MWh by 2020, as 
depicted in Figure 7.7.
HEATING
Energy consumption in heating facilities is expected to increase by 3% per year by 2020, 
under the Ministry of Development assumptions’. This gives to an annual increase of 3.5% 
in oil use and 1.5% in electricity use, by 2020. Consequently, energy consumption in heating 
would increase almost lOOMWh from the base year.
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Figure 7.8: Final energy consum ption in heating facilities in five-star-hotels: BaU  
Heating is required in all areas of the building. The main source of fuel in five-star-hotels is
natural gas. The majority of the selected sample is located in Athens and in Thessaloniki
where natural gas is more accessible than in hotels located in islands. Natural gas covers the
70% of the total fuel share in heating in five-star-hotels. Instead, island hotels and
specifically those located in Crete contrary to other islands mainly use oil. Electricity for
heating purposes is also used but in quite small hotel units which operate in winter time as
well, and have air-conditioning equipment in rooms for that purpose. Still, these cases are
very few, therefore, the share of electricity is low at only 15%. According to the hotel
managers, the equipment used is expected to be replaced with more modern and efficient
models in the coming years. Hence, there is a low decrease in energy consumption per year.
Solar thermal panels are absent and surprisingly hoteliers are not even interested in applying
them in future, unless there is compelling evidence about their effectiveness and reduction in
energy costs. Chapter 8 will cover some of the economic evaluation of solar panels for
heating in five-star-hotels.
174
COOLING
Similarly to heating, cooling is also required in all hotel areas. The rooms have their 
equipment with energy capacity varying between 0.5kW to IkW. Hotel managers or owners, 
who provided the required energy information for the building, estimate that the daily use of 
air-conditions in rooms is approximately 7 hours. They also stated that appropriate 
equipment, such as sensors, is also necessary to control the electricity consumption in the 
rooms.
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Figure 7.9: Final energy consum ption in cooling facilities
It is interesting to mention, that five-star-hotels do not have the same method as that of three 
and four-star-hotels; five-star-hotels are using tags for switching-off air-conditions when 
customers leave the rooms. The reason is that their clients pay high amounts of money, 
therefore 'we would not force them or upset them, in any way', as three hotel managers of 
five-star-hotels in city centre of Athens declared. 'Since the cost per night is expensive, 
customers are allowed to do anything they want, even i f  this means high energy costs fo r  the 
hotel’, two other hotel managers in Thessaloniki stated. In respect to that, hoteliers would 
like to apply some technologies in order to reduce energy consumption in the rooms, but 
without interfering to their customers’ convenience during their stay. 'Customers do not care 
about energy consumption in our facility; this is a problem fo r us to deal with ’, one hotel- 
manager of a luxury five-star hotel in Corfu supported. Hence, the hoteliers consider the
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replacement of the existing equipment with efficient ones, in order to control electricity 
consumption for cooling. It is important to note that efficient air-conditions are used by 35% 
in five-star-hotels and by 2020 the share would be more than 60% thus reducing significantly 
the energy consumption. Consequently, a 40MWh reduction in energy consumption is 
estimated for cooling facilities as Figure 7.9 displays.
OTHER
This section presents the final energy consumption in other areas and services included in the 
hotels such as spa and gym facilities, as well as internet centres with multiple computers. 
Efficient equipment is not considered in these services. However, one hotel manager stated 
that in recent years, there has been an effort from employees to control the usage of this type 
of equipment and control the hours they remain switched-on. Therefore, when many 
customers are not in these specified areas, they make sure the equipment is switched-off. 
Such interventions have allowed the hotel, to reduce electricity consumption by almost 5% 
per year If these steps continue to be taken every year until 2020 , then the electricity 
consumption in this service would be reduced from approximately lOMWh by 2020, as 
depicted in Figure 7.10.
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Figure 7.10: Final energy consum ption in other areas
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7.2 Policy Scenario
The results from the policy scenario are displayed in Figure 7.11. They demonstrate the 
reduction in five-star-hotels’ energy consumption, under the assumptions and hypotheses of 
the policy framework. The assumptions applied in this scenario are the measures in the 
National Action Plan for Energy Efficiency (2008).
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Figure 7.11: Final energy consum ption in policy scenario
This equipment is expected to replace old and inefficient ones in laundry services, cooking, 
refrigeration and air-conditioning. Furthermore, improvements in thermal insulation in 
buildings are estimated to reduce energy consumption almost 5% annually. The information 
for rational energy use in commercial buildings is also promoted in the Greek Legislative 
Framework; 2% of the total electricity consumption could be reduced by 2020. An important 
measurement also considered in this scenario, is the use of energy management systems. 
These systems could control energy consumption in the building and could indicate the areas 
that need further attention. Furthermore, the use of renewable energy technologies is 
promoted in the same legislative framework.
The installation of solar panels has been widely used the past decade in Greece. However, 
the existing unfavourable legislative framework does not greatly encourage people towards
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this type of technology, despite its cost and environmental benefits. Under the same 
framework, the use of oil is expected to have 2.5% increase and 3% annual increase in fuels 
in services of hot water and heating in buildings of commercial sector. Based on these 
assumptions a 730MWh reduction is achieved from the base year 2007 to 2020.
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Figure 7.12: Reduction in final energy consum ption: Policy vs base year
Figure 7.13 depicts that electricity consumption is reduced almost 300MWh showing the 
effectiveness of the policy scenario in services that operate with electricity usage. Further 
than that, natural gas is reduced to half by 2020 . In contradiction with the other two groups 
of hotels, in five-star hotels natural gas is used for heating mainly and in large share. The 
policy framework promotes the installation of solar thermal heaters for heating and hot water 
services, the use of natural gas could be reduced and replaced by solar thermal heaters. For 
the same reasons, oil and LPG could also be reduced.
78
Fuel C onsum ption in five-star-hotels
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Figure 7.13: Fuel consum ption in five-star-hotels: Policy scenario
The policy framework appears to be highly effective to services that have increased 
consumption since the decrease is considerable, but this is not true for all the services.
LIGHTING
Figure 7.14 displays the final energy consumption in lighting in five-star-hotels in the 
business as usual and policy scenario. By the year 2020, the implementation of the policy 
measures for lighting, realize a 130 MWh reduction in electricity use the effectiveness of the 
policy framework.
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Figure 7.14: Reduction in final energy consumption in lighting: Policy vs base year
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The additional measures included in the policy framework, offer further reduction, 
approximately 20MWh annually. This is attributed to the fact that information on rational 
use of energy in the building and installation o f energy management systems were applied.
COOKING
Cooking facilities are expected to increase under the Business as Usual assumptions. 
However the policy scenario could contribute to a reductions of energy of 450MWh by 2020 
energy. This could be achieved by the use of more efficient electrical equipment in the 
kitchen and training of staff to use equipment efficiently.
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Figure 7.15: Reduction in final energy consum ption in cooking facilities: Policy vs base year
The policy framework does not include specified measurements for cooking services. For the 
results displayed in Figure 7.15, an increase in the use of natural gas to replace LPG and the 
promotion of electrical efficient equipment is assumed. The above results demonstrate that 
even if the policy framework suggests general measures, the reduction in energy 
consumption in cooking facilities is significant for five-star-hotels. The fuel share in this 
service under these assumptions is presented on Table 7.16.
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Figure 7.16:Final Energy C onsum ption in C ooking by fuel: Policy Scenario
REFRIGERATION
This service includes the mini-bars in rooms, in the fridges in the kitchen, restaurant and bars 
areas of the hotels. As displayed in the Business as Usual, electricity consumption could be 
reduced by approximately 20MWh if all the rooms had electrical efficient mini 
bars/refrigerators.
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Figure 7.17: Reduction in final energy consum ption in refrigeration: Policy vs base year
The po licy fram ework prom otes the use o f  efficient equipm ent. Therefore, buildings 
o f  com m ercial sector are expected to use at least 50% use o f  this type o f  equipm ent, 
under the assum ptions o f  the M inistry o f  Developm ent (2008). Follow ing the policy
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fram ework, the assum ptions included could reduce the electricity consum ption by 
alm ost 70M W h. Therefore, the po licy fram ework would be effective if  more 
efficient models are used.
HEATING
Heating in five-star-hotels accounts for the highest share. The policy scenario includes 
specific measurements for the heating facilities in the buildings of the commercial sector, 
such as the installation of solar thermal panels, which could offer 40% to 50% decrease in 
this service. This measure could replace the use of oil, LPG or even natural gas. Further, 
thermal insulation could further reduce the energy consumption for heating by 5% per year.
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Figure 7.18: Reduction in final energy consum ption in heating: Policy vs base year
Another factor contributing to the reduction in energy consumption is the awareness of the
customers on ways to control the heating in their rooms that could rise up to 2%. Finally,
energy management systems could be used for the same purpose and indicate areas where
there are increased heating losses, thus reducing energy consumption by almost 5% per year.
As a result, the total energy consumption in heating could be reduced by almost 300 MWh
by 2020. This amount occurs from changes in the current fuel mix and based on the
aforementioned assumptions is shaped as in Figure 7.19.
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Figure 7.19: Final Energy C onsum ption in H eating by fuel: Policy Scenario
COOLING
The use of electrical efficient air-conditions, as shown in the Business as Usual scenario, 
could reduce the electricity consumption less than 30MWh by 2020. The policy framework 
could be more effective with the suggested measurements in the same service. A 
combination of the rational use of equipment, thermal insulation of the building and energy 
management systems, along with the use of efficient equipment are considered. The policy 
framework could reduce the amount of electricity consumption is reduced significantly by 
2020 .
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Figure 7.20: Reduction in final energy consum ption in cooling : Policy vas base year
HOT WATER
Energy consumption in hot water facilities is expected to increase around 3% per year by 
2020. The results from the Business as Usual scenario display an increase in this service by 
almost 50MWh. On the contrary the policy scenario shows that there would be 70MWh 
reduction in final energy consumption by 2020. The compulsory use of thermal solar panels 
for hot water could replace oil and LPG use for that purpose. Despite the success of solar 
thermal systems, hoteliers continue to be reluctant about using this technology. The main 
reason is the total cost of the installation. The 12 hotel owners and managers of the 14 
selected cases said that they would consider this type of installation only if they had the 
appropriate information and a detailed economic assessment for it. For that purpose. Chapter 
8 provides the necessary information that works as evidence to them.
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Figure 7.21: Reduction in final energy consum ption in hot water: Policy vs base year
Based on the above assumptions in Table 4.2 the fuel share in this service changes
drastically when shown solar thermal panels are used diversifying the fuel mix, as presented
in Figure 7.22.
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Figure 7.22: Final Energy C onsum ption by fuel in H ot W ater: Policy Scenario
LAUNDRY FACILITIES
In this service, the measures included in the policy framework could reduce the electricity 
consumption by almost 50MWh by 2020. The difference from the Business as Usual 
scenario could derive from rational use of the washing machines and dryers and the energy 
management systems. The first intervention, as mentioned before, is about a type of training
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to the users, on how they could contribute to the reduction of electricity consumption. The 
second intervention, concerns systems that would not only control where the thermal losses 
come from, but also which equipment and where in the building, are switched on without 
being used. The combination of these measurements contributes significantly to the 
reduction of electricity consumption as displayed in the results in Figure 7.23. What makes 
the policy framework effectual is not only the replacement of the existing equipment with 
efficient one but also the referral to the users. This is important since the final energy 
consumption in a facility is determined by the use it has.
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Figure 7.23: Reduction in final energy consum ption in laundry facilities: Policy vs base year  
In specific, the equipment used in this service has very high electrical capacity and the daily
usage is very high as well. Therefore, a small change in the hours used per day, could lead to
a considerable decrease in energy consumption. If a type of equipment of 6kW is used 6
hours instead of 8 hours per day, 12 kWh of daily reduction in electricity consumption could
occur.
OTHERS
This section includes mainly the gym and spa facilities. The final energy consumption in 
these services comes mainly from the duration the equipment is switched on without being 
used. The replacement of the existing equipment with efficient models would reduce
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consumption by only 7MWh by 2020, as there is no available equipment to replace the 
existing ones. Therefore, as the policy suggests the two measures mentioned in the previous 
section, that rational use of equipment and energy management systems, play a very 
significant role.
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Figure 7.24: Reduction in final energy consum ption in other services: Policy vs base year
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7.3 Green Energy Scenario
The development of this scenario is based on the same assumptions as the previous two 
categories of three and four-star-hotels. The assumptions concern the complete replacement 
of existing lighting with efficient, the installation of lighting sensors in the rooms, the use of 
eco-products in laundry facilities and the installation of solar hot water systems. The Green 
scenario is an extended version of the policy scenario, which shows the actions of hotels 
with best practice in environmental and energy performance.
Figure 7.25 displays the differences in final energy consumption between the Green scenario 
and the Business as scenario.
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Figure 7.25: Reduction in final energy consum ption: G reen vs base year
The final energy consumption in five-star-hotels could be reduced almost 830MWh. This is a 
lOOMWh further reduction from the policy scenario, as Figure 7.25 depicts. The significance 
of these measures is that they are easily and cheaply applicable which has attracted the 
hoteliers’ interest and lead to their further inquiries.
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In Figure 7.26, the fuel consumption is displayed. The assumptions in this scenario appear to 
be very important. The oil and LPG use could be eliminated promoting as all heating and hot 
water needs by solar thermal heaters. For three and four-star-hotels the total elimination of 
oil and LPG is not succeeded. The reason is that five-star-hotels are mainly using natural gas 
for heating and hot water services and very few hotels are using oil for the same services. 
Thus, with the installation of solar thermal heaters, oil or LPG for these two services could 
be eliminated by 2020 and use o f natural gas reduced by almost 50%. Further, electricity 
consumption is reduced 30% which indicates the effectiveness of both the measurements of 
the policy framework and the suggestions from other cases.
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Figure 7.26: Fuel Consumption in five-star-hotels: Green Scenario
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LIGHTING
The final electricity consumption in lighting is expected to fall by almost 150MWh by 2020. 
The full replacement of conventional lighting with conventional and the installation of 
lighting sensors in the rooms could reduce electricity consumption by more than 50%. The 
result is noteworthy as Figure 7.27 displays. The measures applied in this scenario 15MWh 
reduction per year to the results of the policy scenario.
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Figure 7.27: Reduction in final energy consumption in lighting: Green vs BalJ Scenario 
The above results exhibit that the policy framework could be more effective in hotels. These 
measures are a representative example of what kind of alterations could take place and how 
important is for hoteliers to get informed about good and best practices of hotels with 
improved environmental and energy operations.
HOT WATER
The measures that are applied in hot water services in the policy scenario promote usage of 
the solar thermal panels aiming at reducing the oil and LPG consumption. The Green
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scenario promotes the installation of solar thermal heaters in order for oil and LPG to be 
phased out. In this way, the costs of these fuels are eliminated. This has environmental 
benefits as 130MWh less energy is consumed as shown in Figure 7.28. The changes in fuels 
are presented on Figure 7.29.
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Figure 7.28: Reduction in final energy consum ption in hot w ater: Green vs base year
However, an important factor that would define the installation or not of this technology is
the cost. For that purpose the economic assessment for solar thermal panels is further
examined in Chapter 8 .
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Figure 7.29: Final Energy Consumption in hot water by fuel: Green Scenario
191
LAUNDRY
The use of towels with eco-fibers and the use of eco-friendly detergents are completely new 
to hoteliers in Greece. The use of these types of products could reduce electricity 
consumption by 20MWh more than the policy scenario, giving a total reduction of almost of 
for laundry facilities, as Figure 7.30 depicts.
Data Variable: Final Energy Consumption 
Scenario: Green Scenario vs. Base Year
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Figure 7.30: Reduction in final energy consum ption in laundry services: G reen vs base year
This result dem onstrates that the po licy fram ew ork for prom oting efficient electrical 
equipm ent plays an im portant role in the reduction o f  the electricity consum ption. 
The app lication o f  the assum ptions considered in the Green scenario, adds to the 
Policy scenario and the jo in t function o f  both scenarios m easures could very 
effective.
HEATING
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The policy measures promote the use of solar thermal panels in order to meet a significant 
share of heating needs. The Green scenario proposes the full replacement of oil and LPG 
usage with solar thermal panels. Several hotels in the United States, members of the Green 
Hotels Association have replaced oil and LPG with solar thermal panels is an example to 
Greek hoteliers of what could be achived.
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Figure 7.31: Reduction in final energy consum ption in heating: Green vs base year  
During the presentation of the data analysis, the hoteliers expressed concerns about the 
effectiveness and the capability of new technologies to cover the needs of their facilities. 
This section gives evidence of the solar panel’s effectiveness, as energy savings could 
amount up to 350MWh by 2020, which is 50MWh more than the policy scenario, as shown 
in Figure 7.31.
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Figure 7.32: Final Energy Consumption in Heating: Green Scenario
7.4 Environmental effects
CO2 emissions have been calculated based on the final energy from the possible 
implementation of the proposed assumptions in five-star-hotels. The final energy 
consumption in five-star-hotels is very high, but the reduction from both the Policy and the 
Green scenario is significant. As Figures 7.12 and 7.25 display, the final energy consumption 
in Policy and Green scenario could be reduced by 730MWh and 820MWh respectively. The 
emission factors used for the following calculations are 0.31kgCO2/kWh for electricity, 
0.206kgC02/kWh for natural gas and 0.31kgCO2/kWh for oil (European Commission, 
2007). The C 02 emissions could be significantly eliminated for two main reason; the 
increased energy efficiency and changes in the fuels used. Several studies for commercial 
and residential buildings (Levine, 1996; Dorer, 2009;Mirasgedis, 2007:2004; Rossello-Batle, 
2010) have proven that efficiency improvements are vital for reduction in emissions. The 
fact that commercial buildings use electricity as their main source of energy indicates that 
energy efficiency measures are essential, since their application can be immediate as 
presented in previous sections. The efficiency measures applied in the Policy scenario, 
concern the space air-condition, lighting and in general all the electrical equipment and 
appliances used.
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Reduction In C02 emissions in Policy scenario
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Figure 7.33: Reduction in C02 emissions in the policy scenario
This justifies that the main reduction in emissions comes from reducing electricity 
consumption, a reduction in C 02 emissions o f 710 tonnes. The reduction in oil use and LPG 
are lower compared to electricity, but they still amount to approximately 100 tonnes per 
year. Heating and hot water sei*vices are responsible for oil and LPG use and the only 
efficient measurement considered is thermal insulation. However, the highest reduction in 
emissions from oil and LPG is attributed to the use of solar water heaters for hot water and 
heating. The following figure displays that the reduction in emissions from oil use and LPG 
is the result of the full replacement o f oil and LPG from solar energy in heating and hot 
water services which amounts to 50 tonnes fewer emissions than the emissions in policy
scenai’io.
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Figure 7.34: Reduction in C 0 2  emissions in the Green scenario
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The main share of C02 emissions is mainly reduced by the implementation of efficiency 
measurements proposed in the policy framework, which are easier to be applied, and they 
have low costs of installation. Hence, since the decrease in energy consumption is 
immediate, hoteliers have interestingly required further information on efficiency 
technologies. Solar water heaters for hot water are also very effective in terms of 
environmental benefits, but the cost o f installation is high; thus, this technology is not so 
appealing to be used in hotels. For this reason an economic assessment of energy efficiency 
measures and solar panels installation is presented in Chapter 8 .
7.5 Conclusion
In this Chapter the energy analysis o f  five-star-hotels was presented. The three 
scenarios were deve loped under several assum ptions based on either the trend o f  
hoteliers on app ly ing efficient m easures to their facilities (Business as Usual 
scenario), or the existing po licy fram ew ork (Policy scenario), or a com bined 
app lication o f  Po licy m easures and best and good practices from other hotels (Green 
scenario). The final energy consum ption in five-star-hotels, is decreased alm ost 
S lOM W h by the end year 2020, under the legislative fram ew ork included in the 
Po licy scenario com pared to the final energy consum ption o f  the Business as Usual. 
It is im portant to note that from the first year o f  im p lem entation o f  the po licy 
scenario, 200M W h could occur in reduction in energy consum ption. The effect o f  
the po licy scenario is not on ly the reduction o f  final energy consum ption, but also in 
environm ental effects. The Green scenario resu lts occurred by using the same 
assum ptions o f  the po licy scenario, adding to them  several exam p les from  best 
practice in environm ental and energy perform ance in other hotels. These cases are
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the evidence that hote liers’ require for the effectiveness o f  several m easures and 
techno log ies. Because o f  the reduction in energy consum ption, the reduction in C 0 2  
em issions is also very significant. The m easures applied, focus on the reduction o f 
fuels that are responsib le for high em issions, such as oil and LPG  and their 
rep lacem ent w ith natural gas and so lar energy w herever possib le to be applied. One 
o f  the m ain factors affecting the im p lem entation o f  the aforem entioned m easures is 
the hote liers’ opinion on the type o f  techno logy and the cost o f  their installation. For 
that purpose. Chapter 8 presents in detail the costs and benefits that hoteliers could 
realize from the Po licy and Green Scenarios
Chapter 8: Discussion and Economic Assessment
This discusses the scenario results o f Chapter 5, 6 and 7. Figures 8.1, 8.2 and 8.3 display the 
reductions in the three hotel categories in order to draw some broad conclusions about the 
Greek hotel sector.
8.1 Discussion
The main observations concern the lack o f efficiency standards, the lack of knowledge of 
existing measures and the hoteliers’ willingness to increase the use o f natural gas and reduce 
the use of oil. In addition, the majority o f the hotels participating in the research use efficient 
lighting mainly in outdoor areas and but in rooms. It is observed that three-star-hotels are 
using less efficient equipment than four and five-star-hotels. It was observed that four and 
five-star-hotels have seen the need to reduce energy consumption, which is currently much 
higher than that of the three-star-hotels. It was also observed that three-star-hotels use solar 
water heaters more than four and five-star-hotels, which rely on LPG and oil.
197
In this research three energy scenarios were developed, namely (i) the Business as Usual 
scenario which describes the current trend in energy consumption in the selected sample (ii) 
the Policy Scenario which describes the effect of the proposed measures of the Greek 
National Action Plan for Energy Efficiency and the EU Directives with regard to energy 
requirements and consumption in the Greek hotel sector and (iii) the Green scenario which 
reflects possible changes in the final energy consumption in hotels by using good practice in 
energy methods of hotels from other countries.
The scenarios are developed in order to evaluate the effectiveness of the legislative 
framework and explore mitigation options for improving energy efficiency and better energy 
performance in this sector. Furthermore, the scenario development gives insights about the 
existing policy barriers and ways to overcome them and promotes the adoption of energy 
efficiency and renewable energy technologies’ options. Figures 8.1, 8.2, 8.3 display the 
results in the final energy consumption for the three scenarios in the three, four and five-star 
hotels.
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Figure 8.1: Final Energy C onsum ption in three-star-hotels
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Figure 8.2: Final Energy C onsum ption in four-star-hotels
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Figure 8.3: Final Energy C onsum ption in five-star-hotels
8.1.1 Discussion on Three-Star-Hotels
The Business as Usual scenario was developed with no specific energy conservation or 
management measures, considering the current trend in use of efficient technologies and the 
hoteliers’ actions over the past years. This scenario acknowledges that the hotels continue to 
have low efficiency standards for air-conditioning facilities and refrigeration equipment. The 
use of fluorescent lights is considered, with the full replacement of conventional lights after
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the year 2010 . In addition, efficient equipment is already introduced and the hoteliers have 
already expressed interest in further use; 30% of the total electrical equipment used is 
efficient. This type o f equipment is mainly applied in the air-conditioning facilities and some 
in mini-bars and refrigeration. Three-star-hotels have a lower share o f energy efficient 
technologies compared to the five and four-star-hotels, which use fluorescent lighting and 
efficient electrical equipment and their use has steadily increased for over time. As Figure 
8.1 depicts, the final energy consumption in tlii'ee-star-hotels in the Business as Usual 
scenario, will have increased by 50 MWh by 2020.
Increasing energy consumption is also the case for four and five-star hotels. As Figure 8.1 
displays for three-star-hotels, the Business as Usual scenario has a lower rate of increase of 
final energy consumption, despite the increases in the fuels’ use. This is due to the use of 
efficient lighting and efficient air-conditioning equipment which are included in this 
scenario. A comparison between the Business as Usual and Policy Scenarios in three-star- 
hotels, demonstrates that the Policy framework could be very effective for all services 
included in hotels. The Policy Scenario promotes again efficient lighting but at higher levels 
of penetration than that of the BaU Scenario, but more importantly it suggests changes that 
are newly introduced to the facilities. The development o f the Policy Scenario considers the 
promotion of efficient equipment and the use of energy management systems. In addition, 
the rational use of energy is included in the assumptions of the Policy Scenario as well as 
thermal insulation. Based on these assumptions, the final energy reduction between the 
Business as Usual and the Policy Scenario is up to 140 MWh.
For three-star-hotels the proposed actions of the Green scenario, could bring a reduction of 
the final energy consumption reaching up to 200 MWh compared to the Business as Usual 
scenario. The proposed techniques do not have a high cost of installation or application, but 
the results demonstrate that the reduction is significant, which should be a reason for 
hoteliers to apply them. The Green Scenario is based on the assumptions of the Policy
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Scenario with some additions and it refers to the use of efficient lighting such as LED lights 
instead o f incandescent as in the Policy Scenario. In addition, the Green Scenario proposes 
the use o f eco-products in laundry services, something not considered in this service in any 
of the other two scenarios. The Green Scenario suggests the use of solar thermal heaters that 
would totally reduce the use of oil and LPG in heating and hot water services. Even though 
this action poses some dilemmas and concerns for the hoteliers, the fact that it is already 
used in several hotels, as the Green Hotels Association shown, has been effectual for these 
services. Thus, the Green Scenario would reduce the final energy consumption up to 200 
MWh compared to the Policy Scenario and up to 160 MWh compared to the Business as 
Usual for the selected sample of the three-star-hotels.
8.1.2 Final Energy Consumption in Four-Star-Hotels
Approximately 900 MWh of final energy consumption in the base year 2007, as Figure 8.2 
depicts. By 2020 the final energy consumption is expected to have increased by 100 MWh 
under the BaU Scenario. The hoteliers of this category of hotels are using efficient lighting 
in outdoor areas and efficient equipment in several services and aim to increase their use by 
2020. If the same level o f penetration was maintained, then the final energy consumption 
would increase only by 100 MWh. It is important to note that some of the four-star-hotels 
are using natural gas for heating and hot water purposes. However, the share of oil and LPG 
consumption needs to decrease, since the fuel costs are expected to increase according to the 
projections of Energy Information Administration (2010) as presented in the following 
sections. The use of solar energy technologies provides a suitable and reliable energy source. 
It is most promising among all the alternative energy sources in Greece and it is the most 
supported among other energy sources from the current legislation (Ministry of 
Development, 2008). However, the share of solar water heaters that are used in the selected 
sample of four-star-hotels is small, less than 1%, compared to the total fuel used for this 
service. The Policy scenario in four-star-hotels could be very effective since there is energy
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reduction up to 350 MWh. Further than that, the Green Scenario, as an updated version of 
the Policy Scenario, is considered quite effective as well. For the lighting services the use of 
LED is chosen instead of incandescent lighting as of the previous two scenarios. The 
propositions for laundry services, heating and hot water significantly change the final energy 
consumption of these hotels and as Figure 8.2 displays, final energy consumption could be 
reduced almost 550 MWh by 2020, compared to the Business as Usual Scenario.
8.1.3 Final Energy Consumption in Five-Star-Hotels
The final energy consumption of the selected sample of five-star-hotels amounts 
approximately to 1900 MWh in the base year 2007. The use of efficient lighting is already 
popular in this category. Almost half of the lights in the hotels are of the efficient compact 
fluorescent type. Hoteliers are expected to replace all the conventional lighting with efficient 
systems. For the cooling services in rooms, hoteliers expressed that they would not provide 
green tags for responsible use of the equipment, as the customers are paying very high rates 
per night; allowed to use the facilities as much as they desire. The mini-bars included in the 
rooms are not expected to be replaced, since hoteliers have said that they are not aware of the 
availability o f more effective equipment. This indicates a need for information to be made 
available.
Heating and hot water services mainly use natural gas, but only those hotels that are located 
in Athens and Thessaloniki, which has better access to natural gas. The rest o f the five-star- 
hotels are using oil and LPG. During the data collection it was observed that the hoteliers 
were more interested in natural gas than LPG and oil but not in the use of solar thermal 
heaters for hot water requirements. The reason is their concern about the installation cost and 
reliability to meet the hotels’ requirements for hot water and heating services. If that trend is 
followed, by 2020, final energy consumption would increase by almost 100 MWh for the 
Business as Usual Scenario.
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This Policy scenario appears very effective for reducing energy consumption in the selected 
sample of five-star-hotels. It proposes changes that not apply to all services of the facilities 
but they also reduce significantly the final energy consumption, almost reaching 700 MWh- 
36% of the total amount consumed. This could occur from the use of efficient equipment in 
all services, the increase of level of information for rational use o f energy and the 
replacement of oil and LPG in hot water facilities. Further than that, the reduction from 
Green scenario compared to policy scenario is decreased by 100 MWh and compared to the 
Business as Usual scenario by 800 MWh.
Despite the lack o f precise energy measures and other support measures in the existing 
legislation, the potential reduction in the total energy consumption in the selected sample of 
hotels is very important. The results in the tliree scenarios demonstrate that energy efficient 
technologies are more likely to be applied in the Greek hotel sector, as they have lower 
installation costs and are easier to implement. However, the cost of the equipment 
considered is a crucial factor, and this is examined in detail in the following sections. The 
cost varies according to the equipment, since different equipment is used in different 
categories of hotels. It is noteworthy that as revealed during the data collection, it is 
necessary to provide information to the hoteliers on the existing technologies along with the 
economic benefit. Hence, the purpose of the following section is to illustrate the 
interrelationship between the energy consumption and the hoteliers’ opinions and attitudes 
towards environmental and energy initiatives.
8.2 Hoteliers attitudes on environmental initiatives
At this point, it is important to mention that there is an indicative significance between chain 
hotels and individual establishments. The former have developed their own company 
policies and there will be similar across the chain. In addition, chain hotels have better
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access to ideas on innovation in energy efficiency. It is therefore reasonable to consider that 
hotels of the same chain may have similar environmental initiatives. On the other hand, in 
individual establishments, the hotel owners could apply simple techniques that would reduce 
energy consumption according to their judgement.
8.2.1 Interest on the environment
The hoteliers who participated in this research were asked if they believe that fi'iendly 
environmentally friendly operations could play an important role in the hotels operations’ 
and consequently the development o f tourism. Seven out of ten respondents believe that 
these issues are important for tourism. They also stated that the environment is mainly 
affected from hotel units that are located in natural and sensitive environment. Comments 
such as '‘Our facility is in the city centre o f  Athens, the environment is not affected from  us, 
but from  hotels that are actually closer to natural environment ’ and this statement shows the 
hoteliers’ misunderstanding of the ‘environment’ as being wilderness and distant from the 
human experience and their ignorance about the carbon footprint that occurs from the energy 
consumption of their facilities.
Despite research showing that green actions in hotels play an important role in defining 
customers choice (Bohdanowicz, 2005), this survey shows that Greek hoteliers do not 
believe that environmental initiatives are significant marketing considerations that would 
attract more customers. They declared that if there were more customers demanding better 
environmental performance, then they would possibly consider doing more changes. The 
opinion of Greek hoteliers’ is in accordance with the general opinion of European hoteliers 
which is that improving the hotels’ environmental performance is directly proportional to the 
clients’ requests and that they are not normally proactive on environmental action (Enz & 
Singuaw, 2002). Greek hotel owners are interested in applying efficient equipment or
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technologies, provided they are cost effective and do not require large and time consuming 
retrofits.
Additionally, the participants were asked how important they would find the assistance from 
specialised people or governmental authorised personnel in order to reduce the carbon 
footprint of their facilities. Ten of them believe that professional assistance would be very 
useful and very effective to their operations. V/ would be a way to promote and improve 
environmental performance in our facilities’ and they also stated that ‘7/ would be very 
useful i f  we could get informed about new technologies and actions that would reduce the 
effect we cause to the environment'. However, the most important factor for applying new 
eco-friendly technologies is to gain familiarity with energy costs and energy savings that 
could occur from these installations. For that purpose, an economic assessment is presented 
in section 8.3, f  om selected cases.
8.2.2 Awareness on environmental effects
As quoted in the previous section, all of the hoteliers who participated in this research 
declared that they are aware o f the environmental effect of their facilities, mainly due to the 
energy consumption of the building. Seven out of ten stated that they would like further 
information on how to improve environmental performance to their facilities. Moreover, 
three out of ten respondents said that they do not impact heavily on the environment, as they 
consider their operations as small units. However, their opinion has slightly changed after 
observing their final energy consumption and the emissions occurring from oil and 
electricity consumption.
A general opinion from all the respondents expressed their disappointment that no one 
authorised or any governmental representative has ever approached them ever to inform 
them about environmentally friendly actions they could take. Moreover, they declared that it 
is essential to be acquainted with the policy framework and learn from other countries that
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have already applied similar initiatives. As a hotel owner o f a four-star-hotel indicated 'the 
government needs to inform the hotel owners about this issue, either in each individual hotel 
or through the National Organisation o f  Tourism'. Furthermore, the government needs to 
establish and clarify the legislative requirements for hotels and tourism sector in general, in 
order for the owners and managers to laiow where the problem lies, what needs to change 
and how to make the necessary changes.
8.2.3 Information about policy and green actions
The participants’ awareness on energy and environmental policy showed a general lack of 
knowledge on activities that would improve their facilities’ environmental performance. 
Hoteliers declared that small alterations, such as replacement o f efficient lighting, and use of 
efficient air-conditions, are information that anyone could have. Some also stated that it is 
more than essential to have an expert informing and updating them on the latest 
advancements. ‘Tourism is the second important activity o f the Greek economy, therefore 
hotels require more attention ’, one hotel manager from a four-star-hotel In Crete declared. 
Furthermore, he claimed that information about rational energy use in the hotels and 
appropriate training for their employees is necessary; 'This would reduce our costs", he 
stated.
At this point, it is worth mentioning that only three out of ten hoteliers responded positively 
in taking an immediate action. All three of them are part of international chains. This clearly 
proves that some lessons are taken from hotels around Europe and the world from the same 
chain, but there is still effort to be put in order to achieve a satisfying level of information to 
the employees. This particular finding indicates that there is an urgent need of familiarizing 
smaller and independent hotels with information coming from general guidelines that 
previously European hoteliers have followed. This finding follows a general perception from 
previous cases on European hoteliers. In this research, it has been revealed that in chain 
affiliated hotels the employees follow specific activities for rational use of energy and
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environmental awareness (Stabler & Goodall, 2000). This is possibly an option to be 
considered in Greek hotels as well.
Additionally, the Greek hoteliers declared that the government should develop a specific 
framework that would include specific measures for hotels since they are complex building; 
multiple services are offered using multiple types of fuels and equipment This shows that 
hotel owners and managers prefer a specific legislative framework that would stimulate 
specific energy and environmental initiatives in the hotel industry. Six out of ten hoteliers 
responded that they would follow a specific legislative framework if it demonstrated clear 
action to be taken.
As a final comment, the hoteliers’ opinions and beliefs are the main factors that determine 
the implementation of new technologies in their facilities. There are numerous concerns such 
as the total cost of the investments or even the possibility of financial subsidies offered from 
the government along with knowledge on the proposed technologies that are mainly 
influencing the owners’ views on changes to their facilities. For that purpose, the following 
sections provide the economic assessment for energy efficient technologies and PV systems 
as a combination in order to promote energy performance with less environmental effects. 
The efficient teclniologies considered in the scenario analysis in Chapter 5, 6 and 7 are 
considered in the following section as well. The purpose of the economic assessment is to 
demonstrate the economic viability of the proposed technologies in hotels of the three 
different categories. That way, the reduction in energy consumption proposed in the scenario 
analysis is examined economically as well.
Summarizing the key findings of the previous section, it is important to understand and to 
define the methods that would change the hoteliers’ behaviour in energy use, and reduce 
energy consumption in their facilities. Several case studies on energy research on the users’ 
behaviour, have shown that it is necessary firstly to give attention to what is directly 
observable and measurable (Darby, 2004). This enables the hoteliers to see the immediate
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effects of the action taken, which would make it easier to changing behaviour on a wider 
scale. This method of behaviour change could be characterised as ‘tacit knowledge ' and it 
refers to the knowledge gained from the everyday experience (Polanyi, 1969, p. 156). The 
information of hoteliers in the existing energy measures and energy efficiency could improve 
their loiowledge on energy initiatives. When they could observe the reduction of energy 
consumption in their facilities, they would feel more confident in applying further measures 
and deploy technologies such as solar panels or other renewable systems.
The level of awareness of hoteliers in energy efficiency and technologies that could improve 
their facilities’ energy performance is quite low, as observed from the interviews. It was 
discussed in section 4.1.2.2 that the development of the questionnaires in the qualitative 
section was aimed at identifying the attitudes of hoteliers, understanding their behaviour that 
prohibit the implementation of energy measures and demonstrate the lessons that could be 
drawn from their behaviour change. Clearly, the level of awareness is necessary to get 
improvements as in several cases is defined as ‘a state of being alert and laiowledgeable’ 
(Donaldson, 1978), This means that if  hoteliers are updated to the existing measures and 
methods to improve energy efficiency and know the benefits for their facilities then they 
may follow these pathways.
However, it is important to consider that the sample of hoteliers includes both hotel chains 
and individual establishments. The hotel-chains usually have a strategy proposed in all hotels 
o f the same chain, thus they are already aware of energy and environmental initiatives. 
However, it is essential that each facility not just to follow the initiatives proposed by the 
chain they belong to, but also to follow the initiatives and the low carbon aspirations 
proposed at the national level. In the chain hotels this could be more difficult compared to 
individual establishments since they have the laiowledge and they have gained valuable 
lessons. Several hotel chains have their own environmental strategies to implement, but 
Greek hotels (members of those chains) are not applying them, or they are applying them
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partially. On the other hand, for the individual establishments might be more difficult to 
introduce the energy and environmental initiatives since they have not applied them in the 
past and they are not aware of those. Therefore, in both cases, the level of awareness is 
different and it needs to be expressed differently in both groups in order to have successful 
results.
8.3 Economic assessment
This part demonstrates the economic assessment of the energy efficiency equipment 
considered in the scenarios in Chapters 5, 6 and 7 and the installation of solar panels in 
buildings. This process is essential since the interviews with the hoteliers revealed that they 
are interested in the economic viability of such an approach. In this section three cases are 
examined as the owners of these facilities requested this type of analysis of all the 
participants.
8.3.1 Three-star-hotel in Corfu (Island)
The case study assessed for the installation of the PV system is a three star hotel located in 
Corfu island. It has a full season operation with 60 rooms in total. The building has four 
floors, with 450 m  ^ per floor. The total floor area of the facility is almost 6700m^. The 
occupancy rates vary during the year according to the period; 80% in summer, 50% in 
autumn, 30% in winter and 40% in spring. Oil and LPG are used to cover heating and hot 
water needs with the rest are covered from electricity.
Table 8.1: Fuel consumption (2010 prices)
Fuels A m ount C ast(€)
Oil 25.000 It 17,000
LPG 20,000 It 11,600
Electricity 120,000 kWh 10,624
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As Table 8.1 depicts, oil consumption has the highest share of total energy consumption in 
the building. Oil is used for heating and LPG for cooking purposes. The energy efficiency 
measures and alterations considered in Chapter 5 for the development of the scenarios in 
three-star-hotels are examined in this case in order to evaluate the cost of the proposed 
equipment, using the calculation of NPV values of each equipment considered.
Table 8.2: Electricity consumption per service
Service M W h
Lighting 11.88
Cooling 15.55
Cooking 2.84
Refrigeration 28.52
Laundry 39.00
Other 21.00
Total 119.02
Table 8.2 displays a breakdown of electricity use for a variety of services. The high amount 
of electricity consumption in each service needs to be reduced. The easiest method is the use 
of efficient electrical equipment.
The necessity to reduce the electricity consumption as well as to alter the fuels used arises 
from the increase of the price per fuel used in the facility. The projections in increase of oil, 
LPG and electricity prices are based on the Energy Information Administration forecasts 
(2010). According to the Ministry of Development, the estimated increases in electricity, oil 
and LPG consumption as well as the assumptions for three-star-hotels, have been taken into 
consideration for the calculation of the energy cost projections as presented in Table 4.1. The 
increases in the fuel prices and consequently in the energy costs are presented in Figure 8.4. 
In particular by 2020 oil costs would increase 26% by 2020, electricity costs 28% and LPG 
costs 25%.
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Figure 8.4: Energy cost projections in the three-star-hotel (Source: EIA, 2010)
The two options considered in this section are the use of electrical efficient equipment and 
the installation of PV systems. Table 8.3 represents the changes in the total electricity 
consumption by using efficient equipment.
T a b le J L 3 ç J E je c tn c i t^ ^ o n s u m
Service MWh
Lighting 2.97
Cooling 11.66
Cooking 2.13
Refrigeration 24.24
Laundry 33.15
Other 15.75
Total 89.90
Between the total electricity consumption values in Tables 8.2 and 8.3, there is a difference 
of 29MWh. This proves the effectiveness of this type of equipment in reducing the hotel’s 
electricity consumption. Despite its effectiveness in reducing electricity use, a determining 
factor for their installation is their cost. The economic viability of the energy efficient 
equipment is examined with the net present values of each equipment, interest rate to be 5% 
as it is the current interest rate today, in Greece according to the Ministry of Finance (2010). 
These values are presented in the following section.
The second option considered for reduction of the building’s electricity consumption is the 
PV system. The Greek Energy Efficiency Action Plan proposes that at least 10% of the
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buildings’ energy requirements be covered from renewable energy sources. The average 
annual solar activity in Greece is 1350 kWh (Institute of Environment and Sustainability, 
2010). For the material used in the panels there is a small loss fi'om the amount of energy 
generated. The losses in photovoltaic panels are 0.05% per year (Conergy AG, 2010). The 
transmission losses of the energy generated are 5% annually. In this plan, the repair and 
maintenance costs are 0.5% of the total investment cost and other expenses for the operation 
of the panels are 0.2% of the total investment cost per year. In the following case the 
possibility of generating electricity from a 100 kW PV system and use it for the buildings’ 
energy needs, is examined. The PV panels have a lifespan of 20-25 years where the energy 
output is the highest, under the appropriate maintenance, as indicated from panels’ provider 
(Conergy AG, 2010). In addition, the components of the PV require maintenance so as to 
operate better and longer adding a cost to the total of the investment. The interest rate of 
return -o r alternatively the return o f the investment, is calculated by finding the discount rate 
that causes the net present value o f the project to be equal to zero. If the IRR of the project is 
equal or greater than the required IRR of the investor, then the project would be acceptable 
(Pratt, 2001). The installation of a PV system in a building is more successful when the 
energy efficient equipment or standards are applied, prior to the PV system. Thus, the PV 
system installation is examined based on the results of Table 8.3, which present the 
electricity consumption after the efficiency measures.
A. Net Present Values (NPV) for energy efficient equipment
This section presents the net present values for the equipment considered for replacement in 
this case. The interest rate considered is 5%. This value of interest rate has been chosen since 
for the year 2010 this is the current interest rate in Greece for investments on energy 
projects, according to the National Bank of Greece (National Bank of Greece, 2010). The net 
present value method examines the financial viability of the energy efficient equipment in
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this hotel. When the calculated values of NPV are positive, then this type of investment is 
acceptable.
Table 8.4: Net Present values of energy efficient equipment with 5% interest
Services N PV (5% )
W A SH IN G  M A C H IN ES -3.359,1 €
R E FR IG E R A T O R S -1.236,1 €
M IN I-BA R S -6.840,2 €
LIG H TING 3.942,0 €
A /C -5.470,3 €
FR EEZ ER S 4.790,5 €
DRYERS 202 €
SO LA R  T H E R M A L  (LPG) 11324 €
Table 8.4 displays that not all the existing equipment should be replaced with efficient ones. 
In particular,, for washing machines , the NPV is negative, thus this replacement would not 
be beneficial to the hotel. The same stands for the replacement of refrigerators, mini-bars and 
air-conditioning equipment. The rest of the equipment considered could add value to the 
hotel.
B Internal rate o f  the Return (IRR)
This analysis examines the return of the investment for the installation of a 75 kW 
photovoltaic panel. The panel is made of crystalline silicon, the most commonly used, with 
74.6 kW capacity including 5% system losses. The total cost of the investment of 75kW 
capacity is 290.000€. Some 40% of the total cost is covered from the National Development 
Law 3299/2004 (Ministry of Development, 2008). The rest of the amount could be covered 
from loans or from private funds of the investor or both. According to the Development Law 
3299/2004, if there are both, the private funding should cover 25% and the loan 35% of the 
investment. In that case, the interest rate is 5% for loans, with an estimated six-year-payback 
time of the loan, as set by the banking system (Ministry of Development, 2008).
In the following case, the possibility of generating energy and using it for the buildings’ 
energy needs is examined. Electricity consumption is responsible approximately 21% of the 
total energy consumption in this building. The annual electricity generation from the PV is
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approximately 96 MWh. The monthly electricity consumption of the building and the 
monthly electricity generation from the PV system is displayed in Figure 8.5 following the 
implementation of the efficient equipment. The final electricity generation from the PV 
could cover the building’s electricity needs^
From 96 MWh generated from the PV, 89 MWh are used to cover the buildings’ energy 
needs. The remaining 7 MWh could be sold to the main grid. In that case, the kWh generated 
from the PV and sold to the main grid is 0.45€/kWh (Ministry of Development, 2008); thus 
this hotel could have a profit of approximately 0.45€/kWh * 7,000kWh=3,150€ per year. For 
this unit, with this specific characteristics and fuel consumption the installation of a PV 
system is economically and environmentally profitable, since not only it covers the 
electricity needs of the building but it offers an extra 3,150€ profit per year. However, the 
investment cots should also be considered, thus the internal rate of return is calculated in 
order to show the viability of the investment, as presented in the following section.
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Figure 8.5: E lectricity generation from  PV and electricity consum ption in the building per month
The economic information required for the investment is presented in Table 8.5.
One kWh o f electricity consumption, costs 0.083€/kW h in 2010, therefore for 89 MWh consumed in the building, there are 
89,000kWh X 0.083€/kWh = 7387 € spent, which is 2,5006 less than the cost occurring without the use o f  efficient equipment
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Tab le 8.5: Economie data for the investment
Economic Analysis
Investment 290,000 €
Capital Cost
Own Capital 72,500 € (25%)
Subsidy 116,000 € (40%)
Loan 101,500 € (35%)
Loan
Total amount 101,500 €
Duration 6 years
Interest rate 5%
Energy Sales
Predicted energy sales per year 101,250 kWh
Actual production 96,188 kWh
Profits 3150€
Payback period 5 years
Interest rate of return (IRR) 11.56%
Net Present Value 172955.396
For this project the IRR factor is calculated from the annual cash flows and it is 11.56% and 
the NPV is 172959.39 €. The Figure 8.6, displays the cumulative cash flows and the yearly 
inflows of the grid-connected PV system assuming that electricity prices remain the same 
over the 20-year period, as there are no projections on price changes for the this period by 
the Greek governmental authorities (Ministry of Development, 2008). From the Figure 8.6 is 
displayed that the non-annualised pay-back period is in 2015. These results display that this 
investment would be economically viable for this facility.
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Figure 8.6: C um ulative Cash flow  and yearly inflow s o f  a grid-connected 75kW  PV system  
For every kWh generated from solar panels, 1.1kg of CO 2 emissions are saved from being 
emitted. This means that for the annual 96 MWh generated from the solar panels 105,000 kg 
of CO2 emissions are prevented from being annually released from a hotel with similar 
profile. Therefore, the environmental contribution is high. However, the economic motive is
215
always the most dominant factor inducing hoteliers to install panels. As previously 
mentioned, the electricity costs are 174006 per year, which now is covered totally from the 
energy generated from the PV. However, due to the economic situation that Greek economy 
has been facing the last six months, an investment that requires a high capital cost is not 
favoured. The reason for this, as Table 8.4 depicts, lies in the fact that the investors’ capital 
should be 72,5006 and the loan 101,5006. This requires for the investor to have a high 
capital, but even if this amount is available, the loan is difficult to be taken from the Greek 
banks during this difficult economic period of the country. Even though the subsidy offered 
is 116,0006, the delayed distribution o f this amount to the investors, makes this type of 
investments less favoured. This opinion is expressed from the hoteliers, since they would 
need to have an available capital for investment. The hoteliers’ are worried about the effect 
that the economic crisis would have on tourism activity of the country. Therefore, they are 
reluctant about this type of investment considering the circumstances that the country is 
under. On the other hand, straightforward measurements on equipment and rational energy 
use are more appealing to them, as the interviews revealed. In addition, the fact that these 
changes do not require bureaucratic involvement and the hoteliers could act independently, 
is a determining factor, in contradiction with the numerous licenses and procedures required 
for the PV system.
C  M arginal abatem ent carbon cost (M ACC)
With this method the volume of abatement in emissions is compared to a given cost per 
tonne in a specific time period. The graph displayed below has been developed considering 
the NPV of each equipment, divided by the CO2 emissions saved per year. This simple 
method is examined assuming that the carbon savings for each equipment are constant for a 
ten-year period. The Marginal Abatement Carbon Cost has been developed for this case 
considering the suggested template proposed by the Carbon Trust (Low Carbon Cities 
Website, 2008). The calculations are presented in Table 8.6 and in Figure 8.7.
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Table 8.6: M arginal A batem ent Cost for three-star-hotel (w ith interest rate 5%  for 2010)
Service M A C C  (carbon discounted) 
F/tonne) (5% )
C um ulative savings 
for all projects 
(tonnes/year)
W ASHING MACHINES 0,39 1,1
REFRIGERATORS 0,25 1,8
MINI-BARS 0,15 7,5
LIGHTING -0,07 15
A/C -0,3 17
FREEZERS -0,05 29
DRYERS -0,15 34
SOLAR THERMAL (LEG) -0,13 n o
PV SYSTEM -0,16 249
Figure 8.7 shows the MACC carbon discounted (€/tonne) and the Cumulative C 02 savings 
(tonnes/year). Table 8.6 displays the values of MACC.
MACC for the three star hotel
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Figure 8.7: M arginal A batem ent C arbon C ost for the three-star-hotel
The width of each column represents the amount of potential abatement from each measure. 
The height of each bar represents the unit cost of each measure. The bars that are below the 
X axis are the most cost effective. This means that they would save money to the facility, as 
well as CO]. For this facility, the most cost effective equipment and C 02 emissions savings 
occur from the washing machines, the refrigerators, mini-bars and air-conditioning 
equipment. These are also represented below the X-axis. The lighting, freezers, solar thermal 
heaters, PV system and dryers are the most expensive and they are found above the X-axis. 
In addition, the area of each bar stands for the total cost to deliver all CO] emissions savings 
from the measures below X-axis.. For this hotel the MACC value is -656/year for reduction 
of I tonne of C 02 emissions for this facility.
217
8.3.2 Four-star-hotel in Rio- Patras (Mainland)
This economic assessment is for a four-star-hotel located in the Rio region of Patras, in 
South-Western Greece. It has 255 rooms and it is operating 12 months per year. The 
occupancy rates vary throughout the year, with 69% in summer, 54% in autumn, 31% in 
winter and 36% in spring. The building has three floors with a total area of 30,240m\ 
Electricity is the main source used. Oil and LPG are used for heating and hot water facilities 
hence the fuel usage per year is displayed in Table 8 .6 . It is important to note that this hotel 
has no efficiency standards for any of the equipment used. Thus, before continuing with the 
economic assessment of a possible installation in PV system, it is crucial to observe the 
possible reduction in electricity consumption if energy efficiency standards are applied.
Table 8.7: Final end-use by fuel (2010 prices)
Fuels A m ount C ost (€)
Oil 30,200 It 20,838
Electricity I,828M W h 151,724
LPG 168,950 It 97,991
Total 270,553
As it is observed from Table 8.7, electricity consumption is very high and there are no 
energy efficiency standards applied. Thus, it is important firstly to examine what reduction 
would occur in final electricity consumption before continuing with the PV system 
installation. The assumptions used, concern the efficiency measures proposed from the 
policy framework presented in Chapter 3 and used for the development o f the scenarios for 
four-star hotels in Chapter 6 . Table 8.8 presents the electricity consumption in the current 
state, without energy efficiency standards for each service.
Service M W h
Lighting 221
Cooling 273
Cooking 110
Refrigeration 317
Launderette 290
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A/C 397
Others 220
Total 1.828
The need for applying energy efficiency standards is also proved through the increase for 
energy prices in the fuels consumed in the hotel. Taking into consideration the same 
assumption as in scenarios development in Chapter 6 for four-star-hotels and as presented in 
Table 4.1 (Chapter 4) the development in energy costs is presented in Figure 8 .8. The 
increase in the electricity costs only are expected to rise by 20%, oil 22% and LPG 50% by 
2020 .
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Figure 8.8: Energy cost projections in four-star-hotel
In order to prevent further increases in the hotel’s energy costs, the use of efficient 
equipment is essential. As observed in Table 8.9, the final electricity consumption could be 
reduced by 695MWh. In energy costs this amounts to 57,686 € (695,000 kWh x 
0.083€/kWh). Efficient lighting is not used in this facility, thus the use of LED lighting is 
proposed instead of the incandescent lights. The average 30W capacity applied in the 
building could be replaced with 3W LED lights. The price between new and old lights is 
almost 4 times higher; as LED prices vary from 12 to 18 € for these considered in this case.
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while the conventional ones vary from 2.5 to 4.5€ (Phillips Website, 2010). For LED lights, 
the reduction in electricity consumption is significant with reductions up to 75%.
Table 8.9: Electricity consumption by end-use using efficient equipment
Service MWh
Lighting 65
Cooling 177.45
Cooking 99
Refrigeration 206
Launderette 188.5
A/C 256
Others 143
Total 1,134.95
The existing equipment could be replaced with efficient ones and according to the type of 
equipment, the electricity consumption reductions would vary from 5 to 15% depending on 
the equipment opposed to the existing equipment of the hotel.
A N et Present Values (NPV) fo r  energy efficient equipment
Table 8.10 displays the net present values with 5% interest rate. The net present values are 
positive for laundry services, air-conditioning, solar water heaters and PV systems, thus this 
type of investment in this specific equipment for this hotel is economically viable.
Table 8.10: Net Present Values of energy efficient equipment
Services N PV (5% )
M IN I-B A R S -8302
LAIJN D E R ETT E/D R Y E R S 108552
R E FR IG E R A T IO N  -127055
LIG H TIN G  -33761
A/C 13790
SO L A R  T H E R M A L  (O IL) 39226
Therefore, the above Table demonstrates that the use of the equipment with the positive 
NPVs is beneficial not only in terms of the reduction of environmental effects but also in 
terms of the economic benefits offered in the building.
Even though the equipment considered for minibars, refrigeration and lighting is significant 
for the reduction in energy consumption, the energy savings and the prevention of further
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emissions, it is not in fact an economically viable investment for this hotel. This indicates 
that certain types of equipment may be beneficial in terms o f reduction in environmental 
effects but the capital cost of the equipment is not beneficial for the facility in terms of 
economics. For that reason, the marginal abatement cost (MACC) is presented in the 
following section, in order to demonstrate a clearer picture of the economic benefits, the 
environmental reductions in the buildings and the relation between these two factors. Before 
that, the IRR for a PV installation of 100 kW is also considered in this building, since it is 
one o f the measures for reduction in energy consumption and emissions. This technology is 
also included in the MACC calculations.
B  Internal rate o f  return fo r  P V  pro jec t (IRR)
The installation of PV systems could significantly change the hotel’s energy profile. The 
installation o f 100 kW plant is examined for this hotel. The economic information required 
for the PV plan is presented below. The electricity production from the PV system could 
only cover approximately 10% of the total electricity consumption in the building. It would 
be more efficient if the PV system were applied in a facility that has already got energy 
efficient standards. Thus this 10% shaie of electricity that is generated from the PV system, 
may seem a very low share comparing to the total, but in terms of reduction in electricity use 
and energy costs, is very important. The electricity consumption and electricity generation 
from the PV system is provided in Figure 8.9.
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Figure 8.9: Electricity generation from PV and electricity consum ption in the building per month
Considering the results of the previous section, after the application of efficient equipment, 
the total electricity is reduced to 1,155 MWh. On condition that 127 MWh are covered from 
the PV system then, the electricity would greatly reduced. This means that with efficiency 
standards in the facility the energy costs are reduced to 94,205€ (from l,135,000kWh * 
0,083€/kWh) and this amount could be reduced even more if another 11 % is covered from 
the PV system; thus 127,000kWh*0,083€/kWh=10,540€ per year.
Table 8.11: Economic data for the investment
Economic Analysis
Investment 350,000 €
Capital Cost
Own Capital 87,500 € (25%)
Subsidy 140,000 € (40%)
Loan 122,500 € (35%)
Loan
Total amount 122,500 €
Duration 6 years
Interest rate 5%
Energy Sales
Predicted energy sales per year 134,096 kWh
Actual production 127,391 kWh
Profits -17,369 €
Payback period 4 years
Internal rate of return (IRR) 13,51%
Net Present Value 487,627€
Examining the economic viability o f the PV investment, the interest rate of the loan defines 
the values of the NPV. As Table 8.11 demonstrates, the NPV is positive for the 5% interest 
rate and this indicates the viability of this investment.
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Figure 8.10 displays that the cash flows and the yearly inflows. The payback period is after 
the year 2015. The installation of the 100 kW PV system is an economically viable 
investment for this hotel. Based on these values, the marginal abatement carbon cost 
(MACC) is calculated in the following section, along with the MACC of the energy efficient 
equipment.
C. M arginal Abatem ent Carbon Cost (MACC)
The values of the margin carbon cost are presented in Table 8.12. Figure 8.11 represents the 
graph for the MACC for four-star-hotel. The values calculated for the 5% interest rate are 
presented since it is the current one used in Greece today.
Services MAC (carbon 
discounted)
Cumulative savings 
for all projects
(€/tonne)5% (tonnes/year)
MINI-BARS 5,2 0,2
LAUNDERETTE/DRYERS -9,4 1.7
REFRIGERATION 34,6 2,2
LIGHTING 12,1 2,5
A/C -1,3 3,9
SOLAR THERMAL (OIL) -0,6 12,3
PV SYSTEM 0,3 152
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As Figure 8.11 and Table 8.12 display, mini bars, refrigeration and lighting are the most 
costly for reduction in C 02 emissions since their NPV values are negative. The total sum of 
the bars is calculated in 125€/year in 1 tonne of C02 emissions savings.
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Figure 8.11: M arginal A batem ent C arbon C ost in four-star-hotel
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8.3.3 Five-star-hotel in Santorini (Island)
The economic assessment refers to a five-star-hotel in Santorini Island in the Aegean Sea. 
This hotel is operating from March to November and it has 17 rooms- suits. It is a luxury 
hotel but its energy consumption is very high due to the multiple services offered. The total 
floor area is approximately 2800m \ The occupancy rates vary during the operational period 
with 90% of occupancy rates in summer and 50% in autumn and in spring. Oil is used for 
hot water needs by using a boiler and electricity for heating. The rest of the services are 
covered from electricity. The following Table displays the electricity consumption per 
service in the building.
Table 8.13: Electricity consumption per service
Service MWh
Lighting 14
Cooling 67
Cooking 44
Refrigeration 12
Launderette 49
Others 27
Total 213
This unit uses oil and electricity to cover the required energy needs. Table 8.14 displays the 
final energy consumption by fuel.
Table_8J4^_^inal_end^use_b^JuelJ2^^
Fuels Amount Cost (Q
Electricity 213 MWh 37690
Oil 5200 (It) 3536
The energy cost of this facility is already very high; up to 41,000 € per year. Considering the 
projections in increase of fuel prices, it is necessary to reflect on alternative fuel sources and 
changes in the final energy use.
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Energy cost projections In the five-star-hotel
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Figure 8.12: Energy cost projections for five-star-hotel
Thus, it is essential to consider improvements in energy efficiency and use renewable energy 
projects that would replace a share of the total electricity consumption. It is thoroughly 
examined which o f the electrical equipment is considered economically viable for this 
facility and which contributes to a significant reduction in energy consumption as Table 8.15 
displays.
p m en t
Service MWh
Lighting 3,4
Cooling 47
Cooking 31
Refrigeration 8,5
Launderette 34
Others 18,6
Total 142.5
As it is depicted in Table 8.15, the replacement of existing equipment with efficient ones 
could reduce final electricity consumption by approximately 70 MWh. This indicates that 
this type of equipment could be beneficial in terms of reduction of electricity costs. 
However, it is essential to consider the cost of the equipment and how economically viable is 
the suggested equipment for this facility. This analysis is provided in the following section 
examining the net present values o f each equipment considered.
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A. Net Present Values o f  Energy Efficient Equipment
Table 8.16 displays the net present values for different interest rates. It is observed that 
refrigerators and freezers would not be economically viable for this facility, due to their high 
capital cost. All other equipment considered, are economically viable for this facility since 
the net present values are positive and thus they are acceptable as an investment.
Table 8.16: Net Present values of equipment in the five-star-hotel
Service N PV (5% )
W A SH IN G  M A C H IN E S 18831
R EFR IG E R A T O R S -1425
M IN I-B A R S 5264
LIG H TIN G 6005
A/C 26536
FR EEZ ER S -669
DRY ER S 19869
SO LA R  T H E R M A L  (O IL) 9214
All the equipment considered in the services presented in the Table above, refer to 
reductions in electricity consumption, except for the solar thermal heaters for hot water. The 
possible use of solar thermal heaters could bring further reduction in energy costs as depicted 
in the Table. Solar thermal heaters could reduce oil consumption by half, and it is used to 
support the use of the boiler tank of the solar thermal heater, assuring full supply of hot 
water during the day. Thus the total cost of oil consumption could be reduced by 50%.
The figures from Table 8.16 are used in the following section to calculate the MACC. In 
these calculations, the net present values of the PV system and the internal rate of return are 
included.
B. Internal rate o f  return (IRR)
Electricity consumption covers 82% of the total energy consumption in the building and the 
rest is from oil consumption. In contradiction to the previous case, in this one the installation 
of a PV system with 200 kW capacity is considered, which would cover the total electricity 
consumption of the hotel. The reason is that the final electricity consumption is 213MWh
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and the electricity production from a 100 kW PV installation would not be enough for 
covering the hotel’s electricity needs. One kWh of electricity consumption costs 0.13€/kWh, 
therefore the total cost for electricity consumption is 278,500kWh x 0.13€/kWh= 36,205€. 
Since the island is not connected to the main grid, the price is is 0.13€/kWh.
In general, the usage of electricity generated from a PV is not economically favourable to be 
kept for that purpose, since the profit in that case would be only the reduction of electricity 
cost. On condition that the energy is sold to the main grid, it would be an economic benefit 
which would provide a strong motive for the investors. However, in this specific case, the 
owner requested a detailed analysis of the installation of a PV system that would cover its 
electricity needs. Significant factors such as the sudden blackouts during summer due to the 
high electricity demand, as well as the high price per kWh of electricity consumed, 
contributed to making the owners consider the investment seriously. In the following section, 
the installation of the PV system with capacity of 200kW is thoroughly examined, since this 
capacity would cover more than 60% of the building’s electricity demand. It is important to 
note that the installation of the PV is taken into consideration only after implementing 
efficiency standards in the building. Thus, it is examined for 142MWh, as Table 8.17 
demonstrates.
Electricity Production and Electricity Consumption
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Figure 8.13: Eiectricity generation from  PV and electricity consum ption in the building per month
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As Figure 8.13 depicts, the electricity consumption in the building could not be fully covered 
from the PV system. The difference from the previous case is that this hotel is operating only 
from March to November; therefore, the profit is occurring from a three-month-operation 
without electricity consumption and consequently electricity costs, since the hotel is not 
operating. As previously mentioned, the PV system generates 255 MWh per year and the 
building would consume 142 MWh per year^. Thus, the total electricity consumption could 
be covered from the electricity generated from the PV. That is a very significant amount 
since not only the costs but the emissions are decreased as well. From the consumption o f 1 
kWh the amount of emissions released is 1.1 kg.
Thus 142,000kWh x 1.1 kg/kWh = 156,200kg = 156.2 tonnes of CO2 would be offset from 
this project. The detail of the investment plan is shown in Table 8.17.
Table 8.17: Economic data for the investment
Econom ic A nalysis
Investm ent 600.000 €
C apital Cost
O w n Capital 150,000 € (25%)
Subsidy 240,000 € (40%)
Loan 210,000 € (35%)
Loan
Total am ount 210,000 €
Duration 6 years
Interest rate 5%
Energy Sales
Predicted energy sales per year 268,192 kW h
Actual production 254,782 kW h
Profits from  the first year -5 3 ,2 0 9  €
Payback period 5 years
Internal rate o f  return (IRR) 16,79%
N et Present Value 459,929€
For this investment, the IRR factor is 16,79%, which makes the investment acceptable and 
profitable. Figure 8.14 shows the capital cost o f the PV system assuming that electricity 
prices remain the same up to 2020 .
This number could occur considering all the assumptions used in the policy scenario.
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F igure 8.14: Cash flows and yearly inflows
The investment of the 200 kW system for this facility appears effective. Firstly, all the 
electricity costs could be covered from the electricity generated by the PV system. In 
addition, to that the excess amount of electricity could be distributed to the local electricity 
grid for the island which is mainly supported by diesel generators, bringing a yearly profit up 
to 17,000€. Before continuing with the MACC calculations, it is essential to note that both 
the application of efficient equipment and the installation of a PV system could make the 
hotel autonomous in electricity supply. The total electricity consumption could be covered 
by 256 MWh from the PV system only on condition that efficient equipment was applied 
first. Thus, the combination o f both could cover the electricity requirements of the facility. 
However the cost of the PV system is very high as indicated previously, but in the long-term 
the reduction in energy costs is high. It is important to note, that the hotelier in this case was 
more worried about the supply of electricity during the operating months and the risk of 
electricity breaks during summer, rather than the total cost required for the new changes.
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c  Margin Abatement Carbon Cost (MACC)
The MACC values are presented on the Table 8.18 which depicts that the most cost effective 
technologies are the all the proposed ones except for the refrigerators and freezers 
considered for replacement in this facility. Based on these values, Figure 8.15 is developed, 
in order to demonstrate the values of abatement cost for each technology considered.
M A C C (5% ) C um ulative em issions 
savings 
rtonnea/ÿeirl
W A SH IN G  M A C H IN E S -0,060 41
R E FR IG E R A T O R S 0,024 49
M IN I-BA R S -0,046 63
LIG H TIN G -0,043 82
MC -0,056 143
FR EEZER S 0,025 147
D R Y ER S -0,063 187
SO L A R  T H E R M A L  (O IL) -0,050 211
PV System -0,037 418
As Figure 8.15 shows the technologies with values above X-axis are the most expensive 
ones and these are the refrigerators and freezers, as previously mentioned. The rest of the 
technologies considered are the most effective since they save money as well as C02 
emissions. The total sum of the areas of all the bars presented in the graph, represents the 
overall emissions savings available and it is calculated in -50 € per year for the saving of 1 
tonne of C 02 emissions.
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MACC for the fivt-star hotel
tonnes of C02 emissions
Figure 8.15: M arginal A batem ent C arbon C ost for the five-star-hotel
All the above calculations for IRR, NPV and MACC for each hotel are summarised in Table 
8.19. All the values have been generated considering the 5% interest rate that currently is 
applied to this type of investments in Greece. The IRR values are for the PV installation and 
the MACC and NPV values are for both efficient equipment and PV system.
The above results represent that the considered equipment and PV systems are economically 
viable for all the cases. This indicates that the application of measures that reduce C02 
emissions could also reduce the facility’s energy costs, as of the values in the Table 8.19. 
These results are also significant because they demonstrate that it is possible to have 
reduction in energy costs and at the same time reduce emissions released, providing the 
facility with advanced technologies that are effectual and economically v iab le.. For the three 
star hotels the IRR is 11.56% and the payback period of the investment is 4 years. It is 
important to note as well, that this case could have a profit of 3,150€ per year from the 
electricity sold to the main grid, considering that its electricity costs are covered from the PV 
system. The results for the four-star-hotel show that even if there is not electricity sold to the 
main grid, but all the building’s electricity needs are covered from the PV system (100 kW), 
still it is economically viable, since the IRR is 13.51% and the payback period is 4 years as 
well. Moreover, the five-star-hotel follows the same trend as the other two cases, having
232
both efficient equipment and PV system (200 kW) to be economically viable. For this case, 
the building’s electricity requirements could be covered from the PV system and the rest 
could be supplied to the local electricity grid. The above results display that each case is 
unique and each one of them needs to be assessed separately as the energy profile of its hotel 
is shaped differently. However, despite their differences the economic benefit is significant 
even of different types of technologies are considered. This demonstrates that despite the 
variability of the different facilities, the new technologies considered- either PV or efficient 
electrical equipment or both types- could be beneficial for the facilities with significant 
reduction in their environmental effects, as the MACC calculations displayed.
8.4 Conclusion
The energy scenarios’ show that the proposed measures of the Policy framework and the 
assumptions used in the Green scenario could be very effective for the hotels. However, 
these assumptions need to be tested on the hotel owners. As the interviews revealed they 
need assistance in several areas in order to be sure about the new interventions. Thus they 
require more information from the authorities on the available policy and measures that 
could be applied to their facilities. In addition, they believe that training them and their staff 
in rational use of energy could be beneficial to their facilities. New technologies proposed, 
such as replacement of old inefficient equipment with new ones and installation of energy 
management systems should be followed as well with the appropriate information. This is 
because each type of equipment and measures is used uniquely in eveiy hotel unit. A 
combination of both efficient equipment and PV technologies could be more effective. In 
islands that are not connected to the main grid the use of PV systems are essential. 
Combining the use of efficient equipment then the use o f the PV could be more effective. In 
hotels with high electricity consumption both methods are effectual. In hotels located either 
in island or mainland but connected to the main grid, it is possible for the hoteliers to prefer
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more the use of efficient equipment, since there is no risk of loss o f electricity supply as in 
islands not connected to the main grid. In addition, the class that each hotel is categorised 
plays a significant role as it defines the final electricity and energy consumption. Thus, the 
policy framework needs to consider hotels’ distinctive characteristics. In addition, hoteliers 
stated that the main driving factor to apply all the above, in their facilities, is the cost. For 
that purpose the economic assessment for the three cases where developed. The results of the 
MACC, IRR and NPV values, vary significantly between the three cases. The size of the 
hotel, the types of fuels or the amount of energy costs are unique for each case, which also 
makes unique the installation of energy efficient equipment and PV systems. Thus, each 
hotel requires its individual attention and analysis, from a policy framework that includes the 
necessary elements that needs to be examined.
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Chapter 9: Conclusions
This research has elaborated on the final energy consumption of a selected sample of hotels 
in different areas around Greece in order to review the contribution of the Greek hotel sector 
to Climate Change, using a sample of hotels. In particular, it focused on the long term effect 
of the existing EU and Greek Regulation to the hotels’ final energy consumption. The final 
energy consumption o f the hotels has been studied and analyzed in respect to several 
assumptions and measurements. Before starting with the analysis of the data, a discussion on 
the wider environment where Greek hotels belong has been elaborated. A literature review 
has been accomplished in order to examine the energy consumption in buildings in EU and 
Greece, with more detailed analysis in the Commercial sector where hotels are part. This 
discussion revealed that the main energy source used in buildings is electricity, which 
derives from lignite power stations. Thus, it is essential to define alternative methods in 
order to reduce the reliance on lignite for electricity generation, using renewable energies, 
and simultaneously to provide energy efficient methods to the users for rational use of 
energy in the buildings. In addition to that, oil has a high share in Greek buildings as well, 
since it is the primary source used to cover heating requirements. This section also presented 
that Greek hotels have a small share compared to the total Greek building stock, only 0.26%, 
but they are responsible for 6% of the total electricity consumption. Further than that, the EU 
Policy Framework for buildings and services has been presented and based on that, the 
Greek Policy Framework is shaped. This Chapter revealed that the EU legislation is the main 
pillar on energy policies for all Member-States and for Greece as well. The EU Action Plan 
for Energy Efficiency is the main document that sets the main targets by 2020, including the 
three EU Directives for Buildings, Services and Eco-design of Products. The main focus of 
the EU plan is to define ways in order to engage people in energy efficiency use and rational 
use o f energy. In turn, the Greek National Action Plan for Energy Efficiency has been 
developed, hence setting some main measures for all the sectors that are responsible for 
Energy Consumption. Additionally, the New Energy Regulation for Greek Buildings
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3661/2008 has been introduced, establishing for the first time a basic framework on energy 
auditing, energy management and control of buildings’ energy consumption. This new 
Regulation 3661/2008 sets the basis for the development of an energy database for Greek 
buildings, as it is not available so far and it requires energy auditing in buildings from 
specialized personnel. In addition, this Chapter demonstrated that energy limits that define 
the energy consumption in each sector have been set for the first time. These limits define in 
the category in which each building belongs, based on its operations and services provided. 
This is a very helpful tool since it would facilitate the process of applying the existing energy 
measures and it would show to the users the limits of energy consumption in every building 
in order to improve their energy efficiency standards. In order for the energy scenarios to be 
developed, a research methodology had to be defined. Only one type of research 
methodology would not be sufficient to meet the aim and objectives of the research. The 
energy data had to be collected tlirough questionnaires, since it had to be sent to hotels that 
are in remote geographic locations across Greece. The questionnaire was developed very 
carefully in order to facilitate the respondents to fill it in and collect the appropriate 
information. The development o f the energy scenarios were based on this information. 
However, one of the main objectives o f the research concerns the speculation of hoteliers’ 
attitudes and opinions on environmental and energy initiatives. This information could not 
be collected with the questionnaires and it required a different type of methodology. Thus, 
interviews took place in order to understand the hotel owners’ opinions. The results o f the 
energy data analysis were applied in the energy model LEAP in order to develop the energy 
scenarios. Several models exist but LEAP was chosen due to its simplicity in use and data 
requirements. In addition, this model has not been used so far in energy research in Greece, 
thus it would a different approach o f analysis from previous studies. In addition, this model 
has not been used previously in energy research in Greece, thus it would be a different 
approach of energy analysis. In order to examine the factors that affect the most the final 
energy consumption in the selected sample of hotels, a statistical analysis has been
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elaborated. This process defined the factors that affect the energy consumption in this 
selected sample of hotels. One way o f clustering hotels was according their number of stars, 
which is defined by the services offered in each facility. This type of clustering was been 
selected as a grouping factor to be used in the scenario analysis. In addition, the energy 
consumption was expressed under four different parameters; number of stars, total floor area, 
number of rooms and the absolute values o f final energy consumption. The absolute values 
of final energy consumption were selected to be used in the LEAP; since these two are 
statistically significant and they describe the variability of the hotels energy profile.
Thus, three energy scenarios were developed for each one of the clusters o f three, four and 
five-star-hotels.
Hence, the objectives o f this research have been met in that:
• Examine the hotels energy profile and identify the factors that mostly influence the 
final energy consumption;
• Evaluate the effectiveness of the existing legislative fi'amework in the hotels in the 
medium term;
• Identify the changes that need to take place in hotels in order to improve their energy 
performance and emissions reductions, and undertake an economic assessment about 
the cost effectiveness of these alterations;
• Examine hoteliers’ attitudes in applying these measurements and alterations in their 
facilities, explore how realistic the ‘best case’ scenarios are;
•  Make policy recommendations in order to motivate hoteliers to take up low carbon 
options.
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9.1 Findings
In this research three energy scenarios have been examined. The assumptions for the 
Business as Usual scenario were based on the current energy trends of the hoteliers 
participating in the data collection process. This scenario refers to the current energy state of 
the selected hotels without considering the use o f policy measures. The data collection was 
in 2007 and the scenario analysis had as end year 2020. It showed that the use of efficient 
lighting and efficient equipment could prevent the increase of energy consumption in the 
three categories, even if the proposed efficient equipment has a low share of usage. Equally, 
the share of efficient lighting and efficient equipment of four and five-star-hotels were 
higher to that one used in three-stai-hotels for the same scenario. The efficient lighting used 
in the thi ee-categoiy of hotels is incandescent, not LED and it is mainly used outdoors and in 
common areas of the hotel, but rarely in rooms.
The Policy Scenario has been developed based on the energy measures proposed for the 
Greek tertiary sector. It has been developed from the base year 2007 by the end year 2020. 
The Greek Energy Action Plan proposes general measures for buildings of the tertiary sector, 
ignoring the particular energy use, operations, and services of buildings. Namely, this Plan 
ignores that hotels and hospitals, for example which both belong in the tertiary sector, have 
different types of energy usage, operations and energy consumption; thus energy measures 
for each one of this type o f buildings is required. It is interesting to point out that all three 
categories of hotels could have important reductions in energy consumption, even though 
each one o f them has a completely different energy profile. In particular, the proposed 
measures address mainly to promotion of energy efficiency in equipment, rational use of 
energy and use o f energy management systems in order to control excessive energy 
consumption in different areas. In addition, great attention is also given to the reduction of 
oil consumption, which is mainly used for heating, and its replacement fi'om solar water 
heaters for that that service.
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The Green Scenario was developed based on the same hypotheses and assumptions o f the 
policy scenario, but with additional interventions that would further reduce the final energy 
consumption of hotels. These additions have been selected from hotels, Members of the 
Green Hotels Association, which have applied successful techniques and technologies 
reducing significantly their energy consumption. This scenario demonstrated possibilities 
that could further improve the energy profile o f hotels, showing efforts that are not based on 
a policy framework but on the owners’ willingness to improve their facilities energy 
performance. The importance o f this Scenario lies in the fact that the Policy Framework may 
be successful as the Policy Scenario results presented, but even more reductions and a 
friendlier to the environment performance could be achieved. It is also necessary to note that 
this scenario provides a description of the accumulation of viable initiatives in the existing 
policy to reduce the overall impact of energy consumption in hotels.
The hoteliers considered as essential to have appropriate training to use energy more 
responsibly in their facilities. In addition, improvements on energy operations of hotels could 
be used as a marketing tool based on their responses. Following to that, it has been revealed 
that the main driving factor to apply all the proposed measures is to present an economic 
assessment of the proposed measures and technologies. The economic analysis demonstrated 
that the same measures have very different effects for each hotel unit. The equipment that 
needs to be applied in the hotels should reduce energy consumption and consequently energy 
costs, and at the same time reduce emissions.
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9,2 Policy Recommendations
Although the Policy framework may be effective as the results in Chapter 5, 6 and 7 
displayed since significant reduction in energy consumption could occur; still several 
weaknesses need to be overcome. The current legislation proposes a general framework for 
buildings of the Greek commercial sector and proposes actions that mainly reduce electricity 
consumption. In addition, the reduction that could occur from the policy measures is 
attributed to the use of natural gas and solai* energy use and the replacement of oil and LPG 
for hot water and heating needs. As observed in the data analysis, energy use in hotels is 
differently structured in each building even if they perform similarly. The reason is the 
different number of rooms, their occupancy rates during the year, the types of fuels used and 
efficiency levels. All these characteristics are unique for each hotel, which explains the 
differences in their final energy consumption. Thus, these distinctive characteristics should 
be taken into consideration in order for a successful energy framework to be created for 
hotels. Moreover, the Policy Framework should provide information about the alternative 
energy efficient equipment proposed. It is also important to note that one way to improve 
energy performance in hotels is for the existing legislation to be well communicated to 
people. With that way the end-users are informed contributing at the same time to meet the 
proposed targets. Further than that, in order for the policy framework to be successful, an 
energy database of all buildings should be developed. It is noteworthy that a relevant 
database has not been created in Greece before, thus this process should be necessary for the 
reduction of energy consumption in Greek Buildings. This database would demonstrate the 
current energy consumption in the countiy’s building aiming at reducing this amount in a 
specified limit, the Regulation 3663/2008 proposes as well.
Additionally, the Energy Efficiency Certification is a method of demonstrating to the 
buildings’ end-users and owners each building’s energy consumption, thus giving the 
possibility to improve its energy performance. Hence, certification should be promoted and
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established in buildings, so people would know the energy profile o f the building they are 
operating.
Moreover, the main aim of the EU Action Plan is to promote energy efficiency and 
renewable energy technologies, by firstly engaging people to these actions. This aim should 
be the principal one for the Greek legislation as well. This is quite important for Greece, 
since so far there has not been a single method to inform people about what actually means 
to follow energy efficiency pathways. However, it is essential to state that energy efficiency 
is not highly supported in terms o f subsidies. So far, subsidies have been only offered for PV 
installations, which require a high capital from the investors. This makes the investment less 
favourable to the investors. Hence, a more immediate action is required; energy efficiency 
technologies and measures should be covered from subsidies as well, since they require less 
cost for installation and the results from energy savings and the installations are immediate. 
Thus, the creation o f a Policy framework that would address to all hotels, including the 
hoteliers’ requests and concerns should be provided in order for all the proposed measures to 
be successful. The importance of that lies on the fact that hotels are responsib le for 30%  
o f  total electricity consum ption in the tertiary sector and with m ore than 9200 units, 
the developm ent o f  a m ore accurate legislation is considered as vital. Therefore, one 
o f  the m ain aims o f  the existing legislation except for the prom otion o f  efficient 
equipm ent is the reduction in various types o f  fuels, m ain ly in oil by rep lacing it 
either w ith natural gas or w ith so lar energy techno log ies. A nother focus o f  the 
existing legislation is the effort in prom oting rational energy use in the building. 
Even though the potential for energy savings for rational use o f  energy is significant, 
as the results in the data analysis presented, hoteliers are still finding it difficu lt to 
engage the em p loyees to use the equipm ent when needed and sw itch them  on only 
when needed. Thus, one w ay to im prove hote ls’ energy perform ance is w ith 
appropriate inform ation to be provided by  Governm ental authorities and m ain ly the
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N ational Tourism  Organisation. H owever, the installation or not o f  the proposed 
m easures and techno log ies, depends on the final cost o f  investm ent. This is also 
supported by the interview s’ findings w ere a trained expert that w ou ld prov ide the 
appropriate inform ation along w ith costs, payback period, and detailed analysis o f  
w hat is m ost appropriate for each facility is required.
The resu lts from  the scenario analysis in Chapters 5,6 and 7 and the resu lts from the 
process exp loring the hote liers’ opinion, along w ith the econom ic assessm ent in 
energy efficient techno log ies and PV  system s dem onstrates that in order to change 
the energy profile in build ings w ith several services, w ith big floor areas and 
m u ltip le types o f  fuels, several factors are contributing to this. The first factor is the 
build ing; the equipm ent used and its technical characteristics. The second factor is 
the engagem ent and the opinions o f  the operators; if  the hoteliers and the em p loyees 
in each facility are not engaged in changing behaviour on their energy operations, the 
energy consum ption w ou ld no t be reduced. The last factor is the po licy framework, 
and the national subsidies, hi order for the them  to be applied, the hoteliers opinion 
needs to be exp lored and they also need to get inform ed about the availab le existing 
m easures and the subsidies provided for that purpose. This requires experts that are 
able to exam ine and evaluate the energy and the environm ental perform ance o f  the 
build ings and that they are capab le o f  providing the appropriate inform ation 
requested for each type o f  build ing, since each one has its ow n distinctive 
characteristics.
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9.3 Future areas of research
Identifying potential areas for further research needs to be placed against a background of 
the limitations faced in this research.
Time and hotels’ location were two significant limitations for this research since it was 
difficult to approach and collect information fioni quite distant locations across Greece and it 
would also require a lot of time for travelling. Thus, it would be significant to collect further 
energy information from hotels in distant areas.
One and two-stai'-hotels are not included in the research. It would be very interesting to find 
ways to approach these hotels and collect the required information in order to have a sample 
of all the categories of hotels.
This research was focused only in the Greek hotel sector. Valuable findings could occur 
from comparison between hotels from Greece and other countries. That way, methods on 
how other countries implement energy measures successfully in hotels could be useful for 
Greek hotels as well.
This work tried to provide a significant approach on evaluating the existing energy policies 
in a selected sample o f Greek hotels. It is thus hoped that this research has contributed in 
analyzing, exploring and describing the energy use of a sample o f Greek hotels, considering 
at the same time all the factors that define the implementation of the energy policy and the 
issues that are necessary to improve it.
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APPENDIX I:
In order to provide complete view of the way that the data were been collected the two 
questionnaires that have been distributed to Greek hoteliers are given below. The questionnaire 
is in both Greek and English.
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Questionnaire for Energy Data Collection in Greek hotels
This questionnaire is part of a PhD research project and addressed to hotel owners, 
managers, engineers and directors of hotels. The aim of this questionnaire is to collect the 
appropriate information in order to be used in a research project that explores ways to reduce 
energy consumption in hotels. Anonymity of the participants will be held, and in case of 
publication the data will be used but not the name of the facilities where they were collected. 
After the data analysis of the collected information the participants will be contacted again in 
order to provide them with possible suggestions that would reduce energy consumption in 
their facilities.
Eva Maleviti, PhD Research Student, University Of Surrey, GU2 7XH, Guildford,
UK. e.maleviti@surrev.ac.uk
A.Technical Characteristics
1. Operation period per year
2. Hotel Category
3. Type of ownership : □  Family business
□  Member of International Hotel Chain
□  Member of Greek Hotel Chain
□  Other
4.Year of building’s construction:
5. Occupancy: a. June-An gust......................... %
b. September-November.................%
c- December-Februaiy....................  %
d. March- May.......................... %
6 . Number of Rooms
7. Number of levels Floor area per room (m^)
8. Total floor area (indoors and outdoors in m^)
B. Energy Characteristics
1. Use of Renewable energy sources: O Yes □  No
If Yes, which type is it used?
For what purpose is it used?
What is the energy capacity ?
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2. Energy Efficiency measures used in the buildings
□  Wall Insulation.
 □ _Sealing insulation
□  Lighting sensors
□  Double Glazing
□  Efficient Lighting
If efficient light is used, what is its capacity and in which areas is it used?
3. Cost or Amount* of oil Consumption in 2007
a. June-August  ............
b. September- November..................
c. December-Februaiy....................
d. March- May..........................
*(in €  or litres)
4. Cost or Amount* of electricity consumption in 2007
a. June-August.........................
b. September- November..................
c. December-Februaiy....................
d. March- May.................... .
*(m €  or kWh)
5. Cost or Amount* of LPG or Natural gas (please deleted where appropriate)
a. June-August........................
b. September- November..................
c. December-Februaty....................
d. March- May..........................
*(in €  or litres)
Please give the consumption per year:
Energy
source
Years 2002 2003 2004 2005 2006
Oil
Electricty
Natural Gas or 
LPG
Other
256
c. Operational Characteristics:
1. How is heating provided in the building?.......................................
2. How is hot water provided in the building?
3. Total number of A/C equipment in the bulling apart from rooms 
★What is the capacity per equipment ;
What is the daily usage in different seasons ?
a. June-August........................
b. September- November..................
c. December-February....................
d. Maidi- May..........................
Wliat is the capacity per A/C equipment in rooms 
What is the daily usage in different seasons ?
a. June-August........................
b. September- November..................
c. December-Februaiy....................
d. March- May..........................
4. Total number of lights per room
★ Energy capacity per light
5. What is the capacity of mini-bars in rooms, if any?..........................
6 . Number of refrigerators in the kitchen 
★ Energy capacity per equipment
7 Number of freezers in the kitchen 
★ Energy capacity per equipment
8. Number of dish-washers in the kitchen 
★ Energy capacity per equipment 
What is the daily usage in different seasons ?
a. .Tune-August.....................
b. September- November.....
c. Deceraber-Febniaiy.........
d. March- M ay... ............. .
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9. Number of cooking stoves in the kitchen 
★ Energy capacity per equipment
Type of fuel used;
What is the daily usage in different seasons ?
a. June-August........................
b. September- November.................
c. December-Februaiy....................
d. March- May..........................
10. Number of washing machines in the facility
★ Energy capacity per equipment 
What is tlie daily usage in different seasons ?
a. June-August........................
b. September- November................
0. December-February....................
d. March- May.......................
11. Number of dryers in the facility
★ Energy capacity per equipment 
What is the daily usage in different seasons ?
a. Jime-August................... .
b. September- November................
c. December-Februaiy....................
d. March- May..........................
12. Total electricity capacity of lighting outdoors
13. Total electricity capacity of lighting in other areas
Thank you for your time!
★ where energy capacity is unavailable please provide information about the model o f the 
equipment
★ ★ in several cases other participants provided the electro-mechanical designs o f  the 
buildings which displayed all the technical characteristics o f  the equipment used, in order t 
facilitate the process fo r them.
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UNIVERSITY CSÜRRE’I
Exploring the hoteliers’ attitudes on the existing energy policy and the energy 
consumption in their facilities
This interview is part of the previous energy suivey that took place in 2009. The aim of it is 
to understand how hoteliers would respond to the existing energy policy and its possible 
implementation to their facilities. The collected information will be analysed and they will 
be included in the PhD thesis as the previous set of energy data collection. In case of 
publication of this information, anonymity of the participants will be held.
Eva Maleviti, PhD Research Student, University O f Surrey, GU2 7XH, Guildford, 
UK e.rnaleviti@surrev.ac.uk
Question 1. Are you aware of the existing legislative framework about energy use in 
buildings (and consequently hotels)?
Yes No
a. If ‘no’ would you find it useful to know?
b. Do you think that the government or the national tourism organization, should inform 
you?
Question 2. Have you been contacted in the past from a governmental representative to 
measure the energy consumption in your facility?
Yes No
If ‘yes’, did you get any suggestions? Yes No If ‘no’ would you find suggestions useful? 
Yes No
Would you implement these suggestions? Yes No 
Why?
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Question 3. Seeing the energy consumption of your facility for the year 2007 and the 
changes under certain measures in long tenn which of these changes would you apply?
♦ Efficient lighting 
® Wall insulation
• Use of electrical efficient equipment
• Double glazing
« Replace oil with natural gas
« Solar thermal panels for hot water and heating
® Solar panels lor electricity use 
o Energy management systems
* Information to the customers and employees for rational use of energy 
® Lighting sensors
What would be keeping you from implementing the above measures?
Question 4. Do you know that in many countries there is a trend for hotels to operate in a 
friendly to the environment way?
Yes
No
Question 5. Why do you believe tliis trend has not been adopted in Greek hotels?
Policy issues
Hoteliers’ attitudes
Lack of financial incentives
Lack of information to the hotel owners
Question 6. Do you think a ‘green way’ of operation would increase your customers? Why?
Question 7. Do you think that an energy legislative framework with specific actions to 
hotels is necessary?
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Yes No
If ‘yes’ would you apply it? Why?
If ‘no’, why?
Question 8. What is your personal opinion on changes you should do to your facility' and 
what is the main driver for doing these changes?
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APPENDIX II
The following section presents the source of the case studies that have been considered for 
the development of the Green Scenario. The hypotheses have been chosen based on general 
observations from the numerous cases tliat included in the Website of the Green Hotels 
Association, ratlier than from a single case. Thus, it is more considerable to present the main 
source of the cases rather than each case individually, since many of them were considered, 
http ’.//greenhotel s.com/newsletter .php
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CASE I:
California Hoteliers Saving With Cypress Green Earth™  Towels
A L L Y  M E M B E R  Cypress B ath & Bed, the leading designer and manufacturer o f  
luxurious bathrobes, towels, slippers and sheets fo r  the hospitality and spa industry 
fo r  over 25 years, is experiencing a steady and increased adoption o f  their recently 
introduced Green Earth™  towels by California hoteliers.
Janice Alpeche, general manager o f  Gaia Napa Valley Resort & Spa, the world's 
first and only LEED gold-certified hotel, stated, "I was a bit skeptical when Bill fir s t  
showed me the potential savings, using Cypress' proprietary energy-savings 
calculator which factors in the number o f  rooms, towel prices, weight o f  the towels, 
number o f  towels used, and the fi'equency o f  towel washings per week. After 
thoroughly testing the product and monitoring our energy consumption, I  can say 
that it has exceeded our expectations o f  20% savings. "
Green Earth™  towels are made fro m  super-fine, extra-long staple (ELS) cotton, 
which is known fo r  contributing to the sustainable consumption o f  cotton. ELS cotton 
is also recognized worldwide fo r  its superior softness, absorbency, durability, lack o f  
lint accumulation and luxurious feel. Green Earth™  towels are 160% hidlder than 
traditional combed-cotton towels, while having much less mass than traditional 
combed towels. Due to the higher ratio o f  surface area to towel weight, they absorb 
more water. Due to their lower mass, Green Earth™  towels cost significantly less to 
launder, saving up to 30% in water consumption, using less detergent and taking 10- 
20% less drying time. This reduces hotel operational costs, while also reducing 
environmental impact.
Green Earth™  towels are manufactured in a state-of-the-art, agri-waste powered, 
zero-discharge facility  that produces no emission o f  effluents into the local water 
tables. The process also incorporates Control Union-certified, sustainable, eco- 
friendly dyes and chemicals to reduce impact on the environment and are shipped in 
100% natural and bio-degradable /recyclablepackaging.
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CASE II:
4,000-Gallon Caribbean Solar Hot Water System!
A L L Y  M EMBER Zager Plumbing & Solar Inc. installed a 4,000 gallon solar hot 
water system fo r  The Westin Dawn Beach Resort & Spa in St. Maarten last January. 
The re.sort's 317 guest rooms, restaurants, laundry facilities, .spa and hotel restrooms 
are now provided with solar hot water previously provided via LP gas.
Dale Zager, Licensed Master Plumber and President o f  Zager Plumbing & Solar 
Inc., designed the entire solar hot water system including the surface on the top floor  
o f  the parking garage to which the .system is secured.
This .solar hot water system is made up o f  evacuated tubes (glass tubes that have the 
air drawn out o f  them) in panels which soak up the heat o f  the sun. Being able to 
retain heat absorption is a critical fac tor in the design and manufacture o f  the 
collectors. Once the tubes have absorbed the solar energy, the heat is transferred to 
copper coil heat exchanger.s. Then the water is moved via plumbing and electric 
pum ps to be in contact with the heat. The heated water moves into the 4,000 gallon 
storage tank where it is ready fo r  distribution through the hotel's plumbing. The 
water in the tank continues to circulate via intermittent pum p cycling. Each time the 
water circulates through the header, the temperature is raised by 9-18°F.
Throughout the day, the water in the storage tank is gradually heated. The original 
boilers that supplied the resort with heated water remain as backup.
The 45 collector panels are made up o f  30 tubes each and cover about 2,000 sq.ft. o f  
the resort's parking garage top floor. The system can generate up to 2,160,000 Btus 
o f  heat a day, is expected to provide a very impressive 4.3-year R O Iw ith  a 23%  
yearly rate o f  return and have an expected life o f  25 years. O f course, be.side the 
money saved, and perhaps more importantly, air pollution is reduced drastically.
Zager comments, "Properties within the United States can do even better because 
they are able to capitalize on the rebates, credits and incentives being offered by our 
local, state and federa l government. So a US property installing a solar hot water 
system should see a significantly better R O I when the incentives are factored  into the 
equation. " Every facility! M>ill vary in cost depending on size and all the other 
variables involved.
The uniqueness o f  the 4,000-gallon storage tank is that it was crated, shipped and 
arrived at the hotel in a collapsible form . This collapsible storage tank is available 
in any size and can be duplicated in any building, whether new or existing. The 
storage tank is made o f  EPD M  rubber (something like an above-ground swimming 
pool) with a sheet metal exterior. Dale Zager explains, "So long as you have a flat.
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level surface that can support the weight o f  the water in the tank, Zager Plumbing & 
Solar Inc. can design, crate, ship and roll a storage tank through a  J9-inch doorway 
and have it set up in a matter o f  hours. "
CASE i n
GREENING IN TOUGH TIMES
Here are 10 smart ways to help the environment— and save money! It can be tough 
to be green when money is tight i f  fixes take years to make hack their cost. The good  
news is that there are p lenty o f  energy-saving changes to make that will recoup their 
cost fast. Some are cheap and simple while others are costlier and more 
complicated— but they'i^e so effective they'll pa y  fo r  themselves quickly.
HIGH-TECH THERMOSTATS: Programmable thermostats make it easy to preset a 
week's worth o f  temperatures— and give much gi^eater conti'ol over energy bills. For 
instance, these gadgets can be progi^ammed to lower the temperature while 
everyone's asleep, something that might be forgotten i f  it had to be done nightly.
Cost: $50 to $150
Payback: About a year, assuming the thermostat controls both heating and cooling. 
The figure was arrived at by using a calculator on the US EPA's Energ)>Star website. 
The tool shows you how much these advanced thermo.stats will save, but the 
estimates assume you have nalural-gas heat and electric central cooling.
Some utilities will install the thermostats free  in exchange fo r  letting them scale back 
your central air-conditioning use remotely on hot summer days. M any utilities also 
offer rebates on these devices.
L E A S IN G  SO LA R  P A N E LS: Buying and installing a set o f  .solar panels can cost 
tens o f  thousands o f  dollars. But leasing the same system can be a cost-efficient 
alternative.
Several companies— mostly in California and a  few  other slates—will install solar 
panels on your propei‘ty>, and then charge you fo r  the pow er the panels generate. 
Essentially, the company owns the panels, and you  "rent" them by paying the cost o f  
the power. That rate is often lower than your regular utility rate. You'll also have to 
p a y  your utility fo r  pow er when the panels aren't generating any electricity, such as 
nighttime. But you  II be paying much less than you  ordinarily would.
Cost: Sometimes nothing. M any companies don't charge an upfront fe e  fo r  the 
panels, and their plans prom ise to reduce your total electric hill immediately by 
about 11 %. Some companies do charge an upfront fee, often $2,000-$5,000. In some 
cases, that, fe e  is considered a prepaym ent on the solar-power portion o f  your bills—
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so you end up paying less fo r  that pow er every month. In other cases, the fe e  doesn’t 
lower your monthly bill; it's simply a down payment.
Payback: Immediate, i f  y  ou pay no upfront fee. I f  you pa y  a fe e  that lowers your  
rates, payback can take a while. I f  your upfront fe e  is ju s t a down payment, though, 
the payback time is much longer— because you don’t get anv extra discount on your  
bill.
C O M PAC T F L U O R SC E N T L IG H T S: These advanced bulbs use up to 75% less 
energy! than regular bulbs, and they last about 6 o 22 times longer. Experts say that 
replacing regular lights with CFLs can be the cheapest, most effective way to get big 
savings on energy) bills.
Cost: About $3 a bulb.
Payback: 3 to 7.5 months. EnergyStar’s online calculator will help figure savings fo r  
replacing an incandescent bulb with a fluorescent Mnth a comparable wattage.
L IG H T IN G  M O T IO N  SE N SO R S: Although they're more common in commercial 
buildings, motion sensors that automatically turn o f f  lights when a room isn't 
occupied can offer big energy savings in a home. They're particularly useful when 
installed on outdoor lights, which are often left on all night.
Cost: M any porch lights have built-in sensors and cost about $50-60,
Payback: Under a year. Assuming the light would have been left on fo r  12 hours 
through the night and is now o f f  all that time— except fo r  b r ie f moments when 
someone approached the door— a sensor will save about 1.8 kilowatt-hours over the 
12-hour period  and 54 kilowatt-hours in a month.
Considering all the above information, a set o f  assumptions and hypotheses have 
been considered for the development o f  the Green Scenario. Their implementation 
has been examined under the standards and the conditions o f Greek hotels. Under the 
same idea, the economic assessment has been developed for some o f  the above.
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